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© N-acylamino acid derivatives and their use. 
'© An N-acylamino acid derivative of the formula: 



G. 

LU 



R R J R° 

1 til 
R -S(O) — (-CH-VCK-CO-N-CH-CO-N-CH-CK-A 

m 20 l 4 l 5 I 

R H . R OH 



(I) 
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wherein each of R\ R 2 . R 4 and R 6 is hydrogen, lower alkyl, cycloalkyl. cycloalkylalkyi. aryl. arafkyl or a 
monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms; each of R 3 and R 5 is 
hydrogen or lower alkyl; A is -CH(OHHCH 2 ) q R 7 wherein R 7 is hydrogen, lower alkyl. cycloalkyl. cyloalkyiai- 
kyl. aryl. aralkyl. a monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms or -E-R t0 
wherein E is -S(0) r wherein i is 0, 1 or 2. oxygen, •NR V - wherein R" is hydrogen, tower alkyl. cycloalkyl, 
cycloalkylalkyi. aryl or aralkyl, or 

>. 



wherein each of R 12 and R 13 is hydrogen, lower alkyl. cycloalkyl. cycloalkylalkyi. aryl or aralkyl, and R 12 is 
hydrogen, lower alkyl. cycloalkyl. cycloalkylalkyi. aryl, aralkyl or a monocyclic or bicyclic heterocyclic group 
containing from 1 to 4 hetero atoms provided that when R 10 is hydrogen, i is 0, and q is an integer of from 
0 to 5; or -CH 2 -CHR 8 -COR 9 wherein R* is hydrogen, lower alkyl. cycloalkyl. cycloalkylalkyi. aryl. aralkyl or 
a monocyclic or bicyclic heterocyclic group containig from 1 to 4 hetero atoms, and R 3 is hydroxyl. -OX 
wherein X is alkyl. aryl. lower alkoxycarbonyloxyalkyl or 1-phthaJidyl, or -N(Y 1 )(Y*) wherein each of Y 1 and 
Y 2 is hydrogen, lower alkyl. aryl. aralkyl or cycloalkyl. or Y 1 and Y 2 form together with the adjacent nitrogen 
atom a 5- or 6-membered heterocyclic group which may contain a further hetero atom; m is 0. 1 or 2; and n 
is an integer of from 1 to 5, provided that when R 1 is hydrogen, m is 0; or a salt thereof, which is useful as 
hypotensive drugs. 



2 
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N-ACYLAMINO ACID DERIVATIVES AND THEIR USE 



The present invention relates to N-acylamino acid derivatives or their salts useful in the pharmaceutical 
field. More particularly, the present invention relates to N-acylamino acid derivatives or their salts which 
have renin inhibiting activities and which are thus expected to be useful as hypotensive drugs. 

s A renin-angiotensin system is one of hypertensive systems in the living body, and it is an important 
system for regulating the blood pressure-body fluid electrolyte. Renin is secreted from renal juxtaglomerular 
cells and enters into the whole body circulation system via the renai vein. In the blood, there exists 
angiotensinogen which is a glycoprotein produced in the liver. Renin reacts on angiotensinogen to form 
angiotensin I. Most of angiotensin I will be converted to angiotensin II by angiotensin l-converting enzyme 

to which is present in the pulmonary vascular endothelial ceils in one cycle of pulmonary circulation. 
Angiotensin II thus formed directly induces contraction of smooth muscles of peripheral blood vessels and 
thus shows a strong hypertensive activity. It further acts on the adrenal cortex to induce secretion of 
aldosterone, which in turn acts on the renal to facilitate reabsorption of sodium, whereby the effective 
circulatory blood flow increases, the cardiac output increases and the peripheral vascular resistance 

75 increases so that the blood pressure increases. 

It is known that hypertension will be brought about if this renin-angiotensin system was enhanced 
abnormally. Typical examples are renal vascular hypertension and malignant hypertension. Further, as a 
rare case, hypertension caused by a renin producing tumor is known. 

For the treatment of the hypertension due to the enhancement of the renin-angiotensin system, 

20 inhibitors against the angiotensin i-converting enzyme have been studied, developed and subjected to 
clinical tests. However, such inhibitors are suspected to have side effects, since the substrate specificity of 
the angiotensin l-converting enzyme is broad to some extent and there exist some enzymes similar to the 
angiotensin l-converting enzyme in the living body. On the other hand, it is known that renin has a strict 
substrate specificity. Accordingly, an inhibitor against renin has a strong specificity and can be a superior 

25 hypotensive drug. For this reason, the research on renin inhibitors has been very active, and a number of 
renin inhibitors have been proposed. 

However, most of these inhibitors are polypeptides, which are hardly absorbable by oral administration 
and which are susceptible to decomposition by a protease in vivo. Besides, they have high lipophiiicity and 
are likely to be readily excreted to bile, whereby the retention of the hypotensive effects can not be 

30 expected. 

On the other hand, Japanese Unexamined Patent Publication No. 27525a'i986 discloses dipeptides 
represented by the formula: 

R 4 
I 

CH-OR 

1 3 1 1 5 

R -A-CH-CONH-R -CONH-CH-CH-CH., -COR 3 

wherein each of R 1 and R 2 which may be the same or different is a -B-R* group wherein B is a single bond 
or a straight chain or branched chain lower alkylene group which may have a double bond in the chain, and 
R 6 is an aryl group or a heteroaryl group, a Ci-Cio alkyl group or a -E-R 7 group wherein E is a lower 
alkylene group which may be interrupted by one oxygen atom, and R 7 is a lower aikoxy group, an aryioxy 
group, an arytthio group, an aralkyloxy group or a nitrogen-containing heterocyciyi group; R 3 is an ethyiene : 
trimethylene or tetramethylene group which may be substituted by a lower alkyl. phenyl or hydroxy I group. 

R 8 
1 

a -CH- group 



35 



40 



45 



50 



wherein R 8 is a nitrogen-containing heterocyclyl-substituted lower alkyl group, a Cs-C-.s alkyl group, a C 2 - 

3 
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Cs aikenyl or C^-Cs alkynyl group which may be substituted by halogen, or a 



\ / 
-C- 



wherein each of R s and R 10 which may be the same or different is a lower alkyl group, or R 1 and R T ° form 
together with the adjacent carbon atom a C 3 -Ct cycloaikyl group; R 4 is an isopropyl group, a C 3 -Ca 
cycloalkyl group or a phenyl group; R 5 is a hydroxyl group, a C-Cio alkoxy group, an aryioxy group, an 
amino group, a mono- or di-(Ci-Cio alkyDamino group (wherein the alkyl group may have one or two 
substituents which may be the same or different and which are selected from the group consisting of a 
hydroxyl group, a lower alkoxy group, a halogen atom, an ur.substituted or substituted phenyl group, a 
pyridyl group, a C 3 -C 8 cycloalkyl group, a diflower alkyDamino group, a di(hydroxy lower alkyDamino group 
or a nitrogen-containing heterocyclyl group), a mono or di(C 3 -C* alkenyl)amino group, a C 3 -C« cycloai- 
kylamino group, an arylamino group, a nitrogen-containing heterocyclylamino group wherein the amino and 
heterocyclyl are linked by N-C, a nitrogen-containing heterocyclyl group wherein the heterocyclyl group is 
linked to a carbonyl group by a nitrogen atom contained in the group, or a -NHR t1 group wherein R" is an 
amino group, a C«-C«o aliphatic acylamino group which may be substituted by a halogen atom, a lower 
alkoxy group, an aryioxy group, an arylacyl group, an aryl group or a Cs-Ct cycloalkyl group, an 
arylacylamino group, a cinnamoylamino group, a heteroaryiacylamino group, a lower alkylamino group 
which may be substituted by a hydroxyl group, a lower alkoxy group, a C1-C5 aliphatic acyloxy group, an 
arylacyloxy group or an aryl group, an arylamino group or a nitrogen-containing heterocyclyl group wherein 
the heterocyclyl group is linked to -NH- by a nitrogen atom; R is a hydrogen atom, a Ci-C* aliphatic acyl 
group or an arylacyl group; and A is a single bond, an oxygen atom or a sulfur atom. Further, 'Japanese 
Unexamined Patent Publication No. 120370/1987 discloses dipeptide derivatives represented by the 
formula: 

R 1 -CH--CH-CO-His-NH-CH-CH- (CH- ) -CO-Y-R 2 
2 1 || 2 n 




wherein R 1 is a carbamoyl group or a lower alkoxycarbonyl group. His is a L-histidine group, n is 0 or 1 . Y 
is -0- or -NH-; and R 2 is a C<-C7 straight chain or branched alkyl group. 

The compounds disclosed in the above publications have relatively short peptide chains and are 
therefore expected to have improved absorbability by oral administration. However, because of the short 
peptide chains, their renin-inhibiting activities are poor. 

To reduce the molecular size is the most effective means to improve the absorbability by oral 
administration, to be stable against a protease in vivo and to avoid the rapid excretion to bile. However, 
such a means is likely to lead to a substantial decrease of the renin-inhibiting activities as shown by the 
above publications. 

As a result of years of extensive researches on the peptide derivatives and on the renin-inhibitors. the 
present inventors have found that N-acylamino acid denvatives havmg a novel structure exhibits strong 
renin-inhibiting activities in spite of their short peptide chains, and yet they have excellent absorbability by 
oral administration. The present invention is based on this discovery. 

The present invention provides an N-acylamino acid derivative of the formula: 

R 2 R 3 R 6 

1 III 
R x -S(0) -fCH-f-CH-CO-N-CH-CO-N-CH-CH-A (I) 

m 2 " l 4 l 5 I 

R R OH 
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wherein each of R\ R 2 , R* and R 6 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower aJkyl group, a substituted or unsubstituted cycioaJkyi group, a substituted or unsub- 
stituted cycloaikylaJkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
aralkyl group or a substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from i 
to 4 hetero atoms selected from the group consisting of nitrogen, surfur and oxygen atoms; 
each of R 3 and R 5 which may be the same or different is a hydrogen atom or a lower alkyl group; 

A is a -CH(OH) f CH 2 ^R 7 wherein R 7 is a hydrogen atom, a substituted or unsubstituted lower 

aJkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted cyloalkylaikyl 
group, a substituted or unsubstituted aryl group, a substituted or unsubstituted aralkyl group, a substituted 
or unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms selected 
from the group consisting of nitrogen, sulfur and oxygen atoms or a -E-R t0 group wherein E is a -S(0) r 
group wherein i is 0. 1 or 2. an oxygen atom, a -NR"- group wherein R" is a hydrogen atom, a substituted 
or unsubstituted lower alkyl group, a substituted or unsubstituted cycioaJkyi group, a substituted or 
unsubstituted cycloalkylalkyl group, a substituted or unsubstituted aryl group or a substituted or unsub- 
stituted aralkyl group, or a 

R 12 
>- 



group wherein each of R 12 and R 13 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyl group, and R 10 is a hydrogen atom, a substituted or unsubstituted lower alkyl group, a substituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a monocyclic or bicyclic 
heterocyclic group containing from 1 to 4 hetero atoms selected from the group consisting of nitrogen, 
sulfur and oxygen atoms, provided that when R'° is a hydrogen atom, i is 0. and q is an integer of from 0 to 
5; or a -CH 2 -CHR 8 -CO-R 9 group wherein R* is a hydrogen atom, a substituted or unsubstituted lower aikyl 
group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyl group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a substituted or 
unsubstituted monocyclic or bicyclic heterocyclic group containig from 1 to 4 hetero atoms selected from 
the group consisting of nitrogen, surfur and oxygen atoms, and R 9 is a hydroxyl group, a -OX group 
wherein X is a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a lower 
alkoxycarbonyloxyalkyl group or a 1-phthalidyl group, or a -NJY'KY 2 ) group wherein each of Y 1 and Y 2 which 
may be the same or different is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a substituted or 
unsubstituted cycloalkyl group, or Y* and Y 2 form together with the adjacent nitrogen atom a 5- or 6- 
membered heterocyclic group which may contain a further hetero atom selected from the group consisting 
of nitrogen, oxygen and sulfur atoms; 
m is 0. 1 or 2; and 
n is an integer of from 1 to 5. 

provided that when R 1 is a hydrogen atom, m is 0; or a salt thereof. 

The present invention also provides a hypotensive drug comprising an effective amount of an N- 
acylamino acid derivative of the formula I or its pharmaceuticaily acceptable salt and a pharmaceutical^ 
acceptable carrier. 

The N-acylamino acid derivative of the formula I can be prepared by a process which comprises 
condensing an N-acylamino acid of the formula: 

R 2 R 3 

1 1 I 

R -S (O )— f CH-,-j-CH-CO-N-CH-COOH ( II ) 
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wherein R\ R 2 . R». R*. m and n are as defined above, or a reactive derivative at the carboxyl group thereof 
with an amine of the formula; 

R 6 

I 

HN-CH-CH-A (III) 
R OH 



wherein R s . R s and A are as defined above, or condensing a carboxylic acid of the formula: 

R 2 

R 1 -S(0)r4CH,-)-CH-COOH (IV) 
m z n 



wherein R\ R 2 . m and n are as defined above, or a reactive derivative at the carboxyl group thereof with an 
amino acid amide of the formula: 

R 3 R 6 

I I 

HN-CH-CO-N-CH-CH-A (V) 

U '5 1 
R R OH 

wherein R 3 . R*. R 5 . R s and A are as defined above. 

Further, the present invention provides novel intermediates represented by the following formulas A and 
B which are useful for the production of the compound of the formula I: 

R 2 

R 1 -S(0)-{CH--HCH-R 14 (A) 

in 2 n 



wherein each of FT and R 2 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower alkyl group: a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkyialky! group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
araikyl group or a substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 
to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and oxygen atoms; R'* is a 
carboxyl group, a reactive derivative of a carboxyl group or a protected carboxyl group; m is 0. 1 or 2: and 
n is an integer of from 1 to 5; orovided that when R 1 is a hydrogen atom, m is 0. 

R 6 OR 16 OR 17 

l* 1 1 1 7 
R 15, -N-CH— CH— CH-(CH 2 -h.R (B) 

i» 



wherein R 5 is a hydrogen atom or a lower alkyl group; R 6 is a hydrogen atom, a substituted or 
unsubstituted lower alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
araikyl group or a substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 
to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and oxygen atoms; R 7 is a 
hydrogen atom, a substituted or unsubstituted lower alkyl group, a substituted or unsubstituted cycloalkyl 
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group a substituted or unsubstituted cycloalkylalkyl group, a substituted or unsubstrtuted aryl group, a 
substituted or unsubstituted aralkyl group, a substituted or unsubstituted monocyclic or bicyclic heterocyclic 
group containing from 1 to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and 
oxygen atoms or a -E-R 10 group, wherein E is a -S(0)rgroup wherein i is 0. 1 or 2. an oxygen atom, a 
-NR"-group wherein R" is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a substituted 
or unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or 
unsubstituted aryl group or a substituted or unsubstituted aralkyl group, or 

R 12 

>- 



wherein each of R 12 and R 13 which may be the same or different is a hydrogen atom, a substituted or 
unsubstrtuted lower aikyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyl group, and R 10 is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a substituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a monocyclic or bicyclic 
heterocyclic group containing from 1 to 4 hetero atoms selected from the group consisting of nitrogen, 
sulfur and oxygen atoms, provided that when R 10 is a hydrogen atom, i is 0; R 15 is a hydrogen atom or a 
protecting group for an amino group, each of R ,fi and R 17 which may be the same or different is a 
hydrogen atom or a protecting group for a hydroxyl group; and q is an integer of from 0 to 5. 

Now. the present invention will be described in detail with reference to the preferred embodiments. 

In the accompanying drawing, Figure 1 is a graph showing the hypotensive activities of the compound 
of the present invention as administered to monkeys in Test Example 3 given hereinafter. 

Firstly, the definitions of various terms referred to in this specification and some specific examples 
falling within such terms will be given. 

The substituted or unsubstituted lower aikyl group may be a straight chain or branched lower aikyl 
group having from 1 to 6 carbon atoms such as a methyl group, an ethyl group, a propyl group, an 
isopropyl group, a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a 
neopentyl group, an isopentyl group, a hexyl group or an isohexyl group, which is unsubstituted or 
substituted by a halogen atom such as a chlorine atom, a fluorine atom or a bromine atom; a hydroxyl 
group; a lower alkoxy group such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy 
group, a butoxy group, an isobutoxy group, a sec-butoxy group or a tert-butoxy group; an aryloxy group 
such as a phenoxy group, a 1-naphthyloxy group or a 2-naphthyloxy group; an aralkyloxy group such as a 
benzyloxy group, a phenetyloxy group, a 1-naphthylmethyloxy group or a 2-naphthylmethyloxy group; an 
amino group; a mono- or di-lower alkylamino group such as a methylamino group, an ethylamino group, a 
propylamine group, an isopropylamino group, a butyiamino group, a sec-butylamino group, an 
isobutylamino group, a tert-butylamino group, a dimethylamino group or a diethylamino group; an arylamino 
group such as a phenylamino group, a 1-naphthylamino group or a 2-naphthylamino group; an aralkylamino 
group such as a benzylamino group, a phenetylamino group, a t-naphthylmethy (amino group or a 2- 
naphthylmethyiamino group; a carboxyl group: a formyl group; a lower alkoxycarbonyl group such as a 
methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, an isopropoxycarbonyl group, 
a butoxycarbonyl group, a sec-butoxycarbonyl group, an isobutoxycarbonyl group or a tert-butoxycarbonyl 
group; an aryloxy carbonyl group such as a phenoxycarbonyl group, a 1-naphthyloxycarbonyl group or a 2- 
naphthyloxycarbonyl group; an aralkyloxycarbonyl group such as a benzyloxycarbonyl group, a phenetylox- 
ycarbonyl group, a 1-naphthylmethyloxycarbonyl group or a 2-naphthylmethyloxycarbonyl group; a mer- 
capto group; a lower alkylthio group such as a methylthio group, an ethylthio group, a propylthio group, an 
isopropylthio group, a butylthio group, a sec-butylthio group, an isobutylthio group or a tert-butylthio group; 
an arylthto group such as a phenylthio group, a 1-naphthylthio group or a 2-naphthylthio group; an 
aralkylthio group such as a benzylthio group, a phenetylthio group, a 1 -naphthylmethylthio group or a 2- 
naphthylmethytthio group; an arylsulfinyi group such as a phenylsulfinyl group, a 1-naphthylsulfinyl group or 
a 2-naphthylsulfinyl group; an aralkylsulfinyl group such as a benzylsulfinyl group, a phenetylsulfinyl group, 
a 1-naphthylmethylsulfinyl group or a 2-naphthylmethylsulfioyl group; a lower alkylsulfonyl group such as a 
mesyl group, an ethylsuifonyl group, a propylsuffonyl group, an isopropylsuifonyl group, a butylsulfonyl 
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group an isobutylsuifonyl group, a sec-butylsulfonyl group or a tert-butylsulfonyl group: an aryisulfonyl 
group such as a phenylsulfonyl group, a 1-naphthylsulfonyl group or a 2-napMhyfcutfonyl group: an 
aralkylsuifonyl group such as a benzylsulfonyl group, a phenetylsulfonyl group, a 1 -naphthylmethy Isulfonyl 
group or a 2-naphthylmethylsulfonyl group: or a heterocyclic group such as a pyrrolyl group, a furyl group, 
a thienyl group, a pyridyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an isothiazolyl 
group, an isoxazolyl group, an oxazolyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, 
an indoiyl group, a quinolyl group, an isoquinolyl group, a phthalazinyl group, a naphthidinyl group, a 
quinoxaJinyl group, a quinazolinyl group, a 1 ,4-benzodioxanyl group, a 1 .3-benzodioxanyl group, a 1.2.3- 
triazolyl group, a 1 ,3,4-triazolyl group, a 1 ,3.4-thtadiazoiyl group, a 1 ,2.3-thiadiazolyl group, a tetrazoiyl 
group, a tetrahydrofuranyl group, a tetrahydrothienyl group, a pyrrolidinyl group, an imidazolidinyl group, a 
2-imidazolinyl group, a morpholinyl group, a morpholino group, a morpholine N-oxide group, a lower alky l 
morpholino group such as an N-methytmorpholino group, an N-ethylmorphoJino group or an N-propylmor- 
pholino group, a piperazinyl group, a piperiHino group, a piperidinyl group, a thiomorphoiino group or 
athiomorpholinyl group. 

The substituted or unsubstituted cycloalkylalkyl group may be a cycloalkylalkyl group having from 4 to 
10 carbon atoms such as a cyclopropylmethyl group, a cyclobutyimethyi group, a cyclopentylmethyl group, 
a cyclohexylmethyl group. 1-cyclopropyiethyl group, a 2-cyclopropylethyl group, a 1-cyclobutylethyl group, 
a 2-cyclobutylethyl group, a 1-cyclopentylethyl group, a 2-cyclopentylethyl group, a i-cyclohexylethyl 
group, a 3-cyciohexylpropyl group, a 3-cyclopentylpropyl group, a 4-cyclohexylbutyl group or a 4- 
cyclopentylbutyl group, which is unsubstituted or substituted by a halogen atom such as a chlorine atom, a 
fluorine atom or a bromine atom: a hydroxyl group: a lower alkyi group such as a methyl group, an ethyl 
group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a sec-butyl group or a tert-butyl 
group; a lower alkoxy group such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy 
group! a butoxy group, an isobutoxy group, a sec-butoxy group or a tert-butoxy group: an aryloxy group 
such as a phenoxy group, a 1-naphthyloxy group or a 2-naphthyloxy group; an aralkyloxy group such as a 
benzyioxy group, a phenetyloxy group, a 1-naphthylmethyloxy group or a 2-naphthylmethyloxy group: an 
amino group; a mono- or di-lower aikylamino group such as a methylamino group, an ethylamino group, a 
propylamine group, an isopropylamino group, a butylamino group, a sec-butylamino group, an 
isobutylamino group, a tert-butyiamino group, a dimethylamino group or a diethyiamino group: an aryiamino 
group such as a phenylamino group, a 1 -naphthylamino group or a 2-naphthylamino group: an aralkylamino 
group such as a benzylamino group, a phenetylamino group, a 1 -naphthylmethy lamino group or a 2- 
naphthylmethylamino group; a carboxyl group; a formyl group: a lower alkoxycarbonyi group such as a 
methoxycarbonyl group, an ethoxycarbonyl group, a propoxycarbonyl group, an isopropoxycarbonyl group, 
a butoxycarbonyl group, a sec-butoxycarbonyl group, an isobutoxycarbonyl group or a tert-butoxycarbonyl 
group; an aryloxy carbonyl group such as a phenoxycarbonyl group, a 1-naphthyloxycarbonyl group or a 2- 
naphthyloxycarbonyl group; an aralkyloxycarbonyl group such as a benzyloxycarbonyl group, a phenetylox- 
ycarbonyl group, a 1-naphthylmethyloxycarbonyl group or a 2-naphthylmethyloxycarbonyi group: a mer- 
capto group; a lower alkylthio group such as a methyithio group, an ethylthio group, a propylthio group, an 
isopropylthio group, a butylthio group, a sec-butylthio group, an isobutylthio group or a tert-butylthto group: 
an arylthio group such as a phenylthio group, a 1-naphthylthio group or a 2-naphthylthio group: an 
aralkylthio group such as a benzylthio group, a phenetylthio group, a 1 -naphthylmethy Ithio group or a 2- 
naphthylmethy Ithio group; an arylsulfinyl group such as a phenylsulfinyl group, a 1 -naphthylsulfinyl group or 
a 2-naphthylsulfinyl group; an araikylsulfinyl group such as a benzylsulfinyl group, a phenetylsulfinyl group, 
a 1-naphthylmethylsulfinyi group or a 2-naphthylmethylsulfinyl group: a lower alkylsulfonyl group such as a 
mesyf group, an ethylsulfonyl group, a propylsulfonyi group, an isopropylsulfonyt group, a butyisulfonyt 
group, an isobutylsuifonyl group, a sec-butylsulfonyl group or a tert-butylsulfonyl group; an aryisulfonyl 
group such as a phenylsulfonyl group, a 1-naphthylsulfonyl group or a 2-naphthylsulfonyl group, an 
aralkylsuifonyl group such as a benzylsulfonyl group, a phenetylsulfonyl group, a 1 •naphthylmethylsulfonyl 
group or a 2-naphthylmethylsulfonyl group; or a heterocyclic group such as a pyrrolyl group, a furyl group, 
a thienyl group, a pyridyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an isothiazolyi 
group, an isoxazolyl group, an oxazolyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, 
an indolyl group, a quinolyl group, an isoquinolyl group, a phthalazinyl group, a naphthidinyl group, a 
quinoxaJinyl group, a quinazolinyl group, a 1 ,4-benzodioxanyl group, a 1 .3-benzodioxanyl group, a 1.2.3- 
triazoiyl group, a 1 ,3,4-triazolyi group, a 1 ,3.4-thiadiazolyl group, a 1 ,2.3-thiadiazolyl group, a tetrazoiyl- 
group, a tetrahydrofuranyl group, a tetrahydrothienyl group, a pyrrolidinyl group, an imidazolidinyl group, a 
2-imidazolinyl group, a morpholinyl group, a morpholino group, a moroholine N-oxide group, a lower alkyl 
morpholino group such as an N-methylmorpholino group, an N-ethylrr.crphoiino group or an N-propylmor- 
pholino group, a piperazinyl group, a piperidino group, a piperidinyl group, a thiomorphoiino group or a 
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thiomorpholinyl group. 

The substituted or unsubstituted cycloaJkyl group may be a cycloalkyl group having from 3 to 6 carbon 
atoms such as a cyclopropyi group, a cyclobutyl group, a cyclopsntyl group or a cyclohexyi group, which is 
unsubstituted or substituted by a halogen atom such as a chlorine atom, a fluorine atom or a bromine atom; 
a hydroxy! group: a lower aJkyl group such as a methyl group, an ethyl group, a propyl group, an isopropyt 
group, a butyl group, an isobutyl group, a sec-butyl group or a tert-butyl group; a lower alkoxy group such 
as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy 
group, a sec-butoxy group or a tert-butoxy group; an aryloxy group such as a phenoxy group, a 1- 
naphthyloxy group or a 2-naphthyloxy group; an aralkyloxy group such as a benzyloxy group, a 
phenetyloxy group, a 1-naphthylmethyloxy group or a 2-naphthylmethyloxy group; an amino group; a mono- 
or di-lower alkyiamino group such as a methylamino group, an ethylamino group, a propylamine group, an 
isopropylamino group, a butylamino group, a soc-butylamino group, an isobutylamino group, a tert- 
butylamino group, a dimethylamino group or a diethylamino group; an arytsmino group such as a 
phenylamino group, a 1-naphthylamino group or a 2-naphthylamino group; an araikylamino group such as a 
benzylamino group, a phenetylamino group, a 1-naphthylmethylamino group or a 2-naphthylmethy (amino 
group; a carboxyl group; a formyl group; a lower alkoxycarbonyl group such as a methoxycarbonyl group, 
an ethoxycarbonyl group, a propoxycarbonyl group, an isopropoxycarbonyl group, a butoxycarbonyl group, 
a sec-butoxycarbonyl group, an isobutoxycarbonyl group or a tert-butoxycarbonyl group; an aryloxy 
carbonyl group such as a phenoxycarbonyl group, a 1-naphthyloxycarbonyl group or a 2-naphthyloxycar- 
bonyl group; an aralkyioxycarbonyl group such as a benzyloxycarbonyl group, a phenetyloxycarbonyl 
group, a 1 -naphthylmethyloxycarbonyl group or a 2-naphthylmethyloxycarbonyl group; a mercapto group; a 
lower alkylthio group such as a methylthio group, an ethylthio group, a propylthio group, an isopropyithio 
group, a butylthio group, a sec-butylthio group, an isobutylthio group or a tert-butylthio group; an arylthio 
group such as a phenylthio group, a 1-naphthylthio group or a 2-naphthylthio group; an aralkylthio group 
such as a benzylthio group, a phenetylthio group, a 1-naphthylmethylthio group or a 2-naphthylmethylthio 
group; an arylsulfrnyl group such as a phenylsulfinyl group, a 1-naphthylsulfinyl group or a 2-naphthylsul- 
finyi group; an aralkylsulfinyl group such as a benzylsulflnyl group, a phenetylsulfinyl group, a 1- 
naphthylmethylsulfinyl group or a 2-naphthylmethylsulfinyl group; a lower alkylsulfonyl group such as a 
mesyl group, an ethylsulfonyl group, a propylsulfonyl group, an isopropylsulfonyl group, a butylsulfonyl 
group, an isobutylsuifonyl group, a sec-butylsulfonyl group or a tert-butylsulfonyl group; an arylsulfonyl 
group such as a phenylsulfonyl group, a 1 -naphthylsulfonyl group or a 2-naphthylsulfonyl group; an 
aralkylsulfonyl group such as a benzylsulfonyl group, a phenetylsulfonyl group, a 1 -naphthylmethylsulfonyt 
group or a 2-naphthylmethylsulfonyl group; or a heterocyclic group such as a pyrrolyl group, a fury! group, 
a thienyl group, a pyridyl group, an imidazolyl group, a pyrazolyl group, a thiazolyl group, an isothiazolyl 
group, an isoxazoiyl group, an oxazolyl group, a pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, 
an indolyl group, a quinolyl group, an isoquinolyl group, a phthalazinyl group, a naphthidinyl group, a 
quinoxalinyl group, a quinazolinyl group, a 1 ,4-benzodioxanyl group, a 1 ,3-benzodioxanyl group, a 1,2.3- 
triazolyi group, a 1.3.4-triazoiyl group, a 1,3,4-thiadiazolyl group, a 1 ,2.3-thiadiazolyl group, a tetrazolyi 
group, a tetrahydrofuranyl group, a tetrahydrothienyl group, a pyrrolidinyl group, an imidazolidinyl group, a 
2-imidazolinyl group, a morpholinyl group, a morpholino group, a morpholine N-oxide group, a lower alkyl 
morpholino group such as an N-methylmorpholino group, an N-ethylmorpholino group or an N-propylmor- 
pholino group, a piperazmyl group, a piperidino group, a piperidinyl group, a thiomorpholino group or a 
thiomorpholinyl group. 

The substituted or unsubstituted aryl group may be an aryl group having from 6 to 15 carbon atoms 
such as a phenyl group, a biphenylyl group, a 1-naphthyl group or a 2-naphthyl group, which is 
unsubstituted or substituted by a halogen atom such as a chlorine atom, a fluorine atom or a bromine atom; 
a nitro group: a hydroxy! group: a lower alkyl group such as a methyl group, an ethyl group, a propyl group, 
an isopropyi group, a butyl group, an isobutyl group, a sec-butyl group or a tert-butyl group; a lower alkoxy 
group such as a methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, 
an isobutoxy group, a sec-outoxy group or a tert-butoxy group; an aryloxy group such as a phenoxy group, 
a 1 -naphthyloxy group or a 2-naphthyloxy group; an aralkyloxy group such as a benzyloxy group, a 
phenetyloxy group, a 1-naphthylmethyloxy group or a 2-naphthylmethy loxy group; an amino group; a mono- 
or dWower alkyiamino group such as a methylamino group, an ethylamino group, a propylamino group, an 
isopropylamino group, a butylamino group, a sec-butylamino group, an isobutylamino group, a tert- 
butylamino group, a dimethylamino group or a diethylamino group; an arylamino group such as a 
phenylamino group, a 1-naphthylamino group or a 2-naphthylamino group; an aralkyiamino group such as a 
benzylamino group, a phenetylamino group, a 1-naphthylmethylamino group or a 2-naphthylmethylamino 
group; a carboxyl group; a formyl group; a lower alkoxycarbonyl group such as a methoxycarbonyl group. 
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an ethoxycarbonyi group, a propoxycarbonyl group, an isopropoxycarbonyt 

a sec-butoxycarbonyl group, an isobutoxycarbonyl group or a tert^utDxycartxmyl group; an aryloxy 
carbonyl group such as a phenoxycarbonyl group, a 1-naphthyloxycarbonyl group or a 2-naphthyloxycar- 
bonyl group; an aralkyloxycarbonyl group such as a benzyloxycarbonyl group, a phenetytoxycarbonyl 
group, a Vnaphthylmethyloxycarbonyl group or a 2-naphthytmethyloxycart>onyl group; a mercapto group: a 
lower alkylthio group such as a methyithio group, an ethylthio group, a propytthio group, an tsopropyltnio 
group a butytthio group, a sec-butylthio group, an isobutylthio group or a tert-butylthio group; an arylthio 
group such as a phenylthio group, a 1-naphthylthio group or a 2-naphthylthio group; an aralkylthio group 
such as a benzylthio group, a phenetylthio group, a 1-naphthylmethylthio group or a 2-naphthylmethylth<o 
group; an arylsulfinyl group such as a phenyisulfinyl group, a 1 -naphthylsulfinyl group or a 2-naphthylsul- 
finyl group; an araJkylsulfinyl group such as a benzylsulfinyl group, a phenetylsulfinyl group, a i- 
naphthylmethylsulfinyl group or a 2-naphthylmethytsulfinyl group; a lower aikylsulfonyl group such as a 
mesyl group, an ethylsulfonyl group, a propylsulfonyl group, an isopropylsulfonyl group, a butylsulfonyl 
group an isobutylsulfonyl group, a sec-butylsulfonyl group or a tert-butylsulfonyl group: an arytsulfonyl 
group such as a phenylsulfonyl group, a 1-naphthylsulfonyl group or a 2-naphthylsulfonyl group: an 
aralkylsulfonyl group such as a benzylsulfonyl group, a phenetylsulfonyl group, a 1-napfrthyimethyisuifonyi 
group or a 2-naphthylmethylsulfonyl group: or a heterocyclic group such as a pyrrolyl group, a furyl group, 
a thienyl group, a pyridyl group, an imidaxolyl group, a pyrazolyl group, a thiazolyl group, an .sothiazoiyl 
group an isoxazolyl group, an oxazolyl group, a pyrazinyl group, a pyrimidinyi group, a pyndazmyl group, 
an indolyl group, a quinolyl group, an isoquinolyl group, a phthalazinyl group, a naphthtdmyl group, a 
quinoxalinyl group, a quinazolinyl group, a 1 >benzodioxanyl group, a 1 .3-benzodioxanyt group, a 1.2.3- 
triazolyl group, a 1 ,3,4-triazolyl group, a 1.3,4-thiadiazolyl group, a 1 .2.3-thiadiazolyl group, a tetrazolyl 
group, a tetrahydrofuranyl group, a tetrahydrothienyl group, a pyrrolidinyl group, an imidazolidinyl group, a 
2-tmidazolinyl group, a morpholinyl group, a morpholino group, a morpholine N-oxide group, a tower alkyl 
morphoiino group such as an N-methylmorpholino group, an N-ethylmorpholino group or an N-propylmor- 
phoiino group, a piperazinyl group, a piperidino group, a piperidinyl group, a thiomorpholino group or a 
thiomorpholinyl group. 

The substituted or unsubstituted aralkyl group may be an aralkyl group having from 7 to 15 carbon 
atoms such as a benzyl group, a 1-naphthylmethyl group, a 2-naphthylmethyl group, a 5.6.7.8-tetrahydro-i- 
naphthyl group, a 5,6,7,8-tetrahydro-2-naphthyl group, a phenetyl group, a 3-phenylpropyi group or a 4- 
phehylbuty! group, which is unsubstituted or substituted by a halogen atom such as a chlorine atom, a 
fluorine atom or a bromine atom; a nitro group; a hydroxyl group; a lower alkyl group such as a methyl 
group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl group, a sec-butyl 
group or a tert-butyl group: a lower alkoxy group such as a methoxy group, an ethoxy group, a propoxy 
group, an isopropoxy group, a butoxy group, an isobutoxy group, a sec-butoxy group or a tert-butoxy group; 
an aryloxy group such as a phenoxy group, a 1 -naphthyioxy group or a 2-naphthyioxy group: an araikyioxy 
group such as a benzyloxy group, a phenetyloxy group, a 1-naphthylmethyloxy group or a 2-naphthyl- 
methyloxy group; an amino group: a mono- or di-lower alkylamino group such as a methylamino group, an 
ethylamino group, a propylamino group, an isopropylamino group, a butyiamino group, a sec-butyiamtno 
group, an isobutylamino group, a tert-butylamino group, a dimethyiamino group or a diethylammo group: an 
arylamino group such as a phenylamino group, a 1-naphthylamino group or a 2-naphthylamino group; an 
aralkylamino group such as a benzylamino group, a phenetylammo group, a i-naphtnytmethyiamtno group 
or a 2-naphthylmethylamino group; a carboxyl group: a formyl group; a lower alkoxycarbonyl group such as 
a methoxycarbony! group, an ethoxycarbonyi group, a propoxycarbonyl group, an isopropoxycarbonyi 
group, a butoxycarbonyl group, a sec-butoxycarbonyl group, an isobutoxycarbonyl group or a ted- , 
butoxycarbonyl group: an aryloxy carbonyl group such as a phenoxycarbonyl grouo. a 1-naphthyioxycar- 
bonyl group or a 2-naphthyloxycarbonyl group; an aralkyloxycarbonyl group such as a benzyloxycarbonyl 
group, a phenetyloxycarbonyl group, a 1-naphthylmethyloxycarbonyi group or a 2-naphthyimethyioxycar- 
bonyl group; a mercapto group; a lower alkylthio group such as a methyithio group, an ethylthio group, a 
propylthio group, an isopropyrthio group, a butylthio group, a sec-butylthio group, an isobutylthio group or a 
tert-butylthio group; an arylthio group such as a phenylthio group, a 1-naphthytthio group or a 2-naphthyithio 
group: an aralkylthio group such as a benzylthio group, a phenetylthio group, a 1 -naphthylmethyithio group 
or a 2-naphthylmethylthio group; an arylsulfinyl group such as phenyisulfinyl group, a 1 -naphthylsulfinyl 
group or a 2-naphthylsulfinyl group; an araikylsuifinyl group such as a benzylsulfinyl group, a phenetylsul- 
finyl group, a 1-naphthylmethylsulfinyl group or a 2-naphthylmethylsulfinyl group; a lower aikylsulfonyl 
group such as a mesyl group, an ethylsulfonyl group, a propylsulfonyl group, an isopropylsulfonyl group, a 
butylsulfonyl group, an isobutylsulfonyl group, a sec-butylsulfonyl group or a tert-butylsulfonyl group; an 
arylsulfonyl group such as a phenylsulfonyl group, a 1-naphthylsulfonyl group or a 2-naphthylsultonyl group: 
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an aralkylsulfonyl group such as a benzylsulfonyl group, a phenetylsulfonyl group, a 1-naphthy.methyfcul- 
fonyl group or a 2-naphthylmethylsulfonyl group: or a heterocyclic group such as a pyrrolyl group, a furyl 
group a thienyl group, a pyridyl group, an imidazolyl group, a pyrazoiyl group, a th.azoiyl group, an 
isothiazolyl group, an isoxazolyl group, an oxazolyl group, a pyraanyl group, a pynmidmy group, a 
pyridazinyl group, an indolyl group, a quinolyl group, an isoquinolyl group, a phttialaany! grou j a 
naphthidinyl group, a quinoxalinyl group, a quinazolinyl group, a 1 .4-benzod.oxanyl group, a ' 
any l group, a U,3-triazolyl group, a 1 .3.4-triazolyl group, a 1 .3.4-thiadiazolyl group, a 1 ,2.3-th.ad.azolyi 
group a tetrazolyl group, a tetrahydrofuranyl group, a tetrahydrothienyl group, a pyrrolidine group, an 
imidazolidinyl group, a 2-imidazolinyl group, a morpholtnyl group, a morpholino group, a morpholine N- 
oxide group, a lower alkyl morpholino group such as an N-methylmorpholino group, an N-ethylmorphohno 
group or an N-propylmorpholino group, a piperazinyl group, a piperidino group, a p.pendinyl group, a 
thiomorpholino group or a thiomorpholinyl group. 

The substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 to 4 
hetero atoms selected from the group consisting of nitrogen, sulfur and oxygen atoms, may be a 
heterocyclic group such as a pyrrolyl group, a furyl group, a thienyl group, a pyridyl group, an .midazolyi 
group a pyrazoiyl group, a thiazolyl group, an isothiazolyl group, an isoxazolyl group, an oxazolyl group, a 
pyrazinyl group, a pyrimidinyl group, a pyridazinyl group, an indolyl group, a quinolyl group, an .soqu.nolyl 
group, a phthalazinyl group, a naphthidinyl group, a quinoxalinyl group, a quinazolinyl group, a 1.4- 
benzodioxanyl group, a 1,3-benzodioxanyl group, a U.3-triazolyl group, a 1 . 3.4-triazolyl group, a 1,3.4- 
thiadiazolyl group, a 1 ,2.3-thiadiazolyl group, a tetrazolyl group, a tetrahydrofuranyl group, a 
tetrahydrothienyl group, a pyrrolidine group, an imidazolidinyl group, a 2-imidazolinyl group, a morpholinyl 
group a morpholino group, a piperizine N-oxide group, a piperazine N-oxide group, a morpholine N-oxide 
group a lower alkyl morpholino group such as an N-methylmorpholino group, an N-ethylmorpholmo group 
or an N-propylmorpholino group, a piperazinyl group, a piperidino group, a piperidinyl group, a thiomor- 
pholino group or a thiomorpholinyl group, which is unsubstituted or substituted by a halogen atom such as 
a chlorine atom, a fluorine atom or a bromine atom; a nitro group; a hydroxyl group; a lower alkyl group 
such as a methyl group, an ethyl group, a propyl group, an isopropyl group, a butyl group, an isobutyl 
group a sec-butyl group or a tert-butyl group; a triphenylmethyl group: a lower alkoxy group such as a 
methoxy group, an ethoxy group, a propoxy group, an isopropoxy group, a butoxy group, an isobutoxy 
group, a sec-butoxy group or a tert-butoxy group: an aryloxy group such as a phenoxy group, a 1- 
naphthyloxy group or a 2-naphthyloxy group; an aralkyloxy group such as a benzyloxy group, a 
phenetyloxy group, a 1-naphthylmethyloxy group or a 2-naphthylmethyloxy group; an amino group; a mono- 
or di-lower alkylamino group such as a methylamino group, an ethylamino group, a propylamine group, an 
isopropylamino group, a butylamino group, a sec-butylamino group, an isobutylamino group, a tert- 
butylamino group, a dimethylamino group or a diethylamino group; an arylamino group such as a 
phenylamino group, a 1-naphthylamino group or a 2-naphthylamino group; an aralkylamino group such as a 
benzylamino group, a phenetylamino group, a 1-naphthylmethylamino group or a 2-naphthylmethylamino 
group; a carboxyl group; a formyl group; a lower alkoxycarbonyl group such as a methoxycarbonyl group, 
an ethoxycarbonyl group, a propoxycarbonyl group, an isopropoxycarbonyl group, a butoxycarbonyl group, 
a sec-butoxycarbonyl group, an isobutoxycarbonyl group or a tert-butoxycarbonyl group: an aryloxy 
carbonyl group such as a phenoxycarbonyl group, a 1-naphthyloxycarbonyl group or a 2-naphthyloxycar- 
bonyl group; an aralkyloxycarbonyl group such as a benzyloxycarbonyl group, a phenetyloxycarbonyl 
group, a 1-naphthylmethyloxycarbonyl group or a 2-naphthylmethyloxycarbonyi group: a mercapto group: a 
lower alkylthio group such as a methylthio group, an ethylthio group, a propylthio group, an isopropylthio 
group, a butylthio group, a sec-butylthio group, an isobutylthio group or a tert-butylthio group; an arylthio 
group such as a phenylthio group, a 1-naphthylthio group or a 2-naphthylthio group: an aralkylthio group 
such as a benzylthio group, a phenetylthio group, a 1-naphthylmethylthio group or a 2-naphthylmethylthio 
group; an arylsulfinyl group such as a phehylsulfinyl group, a 1-naphthylsulfinyl group or a 2-naphthylsul- 
finyl group; an aralkylsulfinyl group such as a benzylsulfinyl group, a phenetylsulfinyl group, a 1- 
naphthylmethylsulfinyl group or a 2-naphthylmethylsulfinyl group; a lower alkylsulfonyl group such as a 
mesyl group, an ethylsulfonyl group, a propylsulfonyl group, an isopropylsulfonyl group, a butylsulfonyl 
group, an isobutylsulfonyl group, a sec-butylsulfonyl group or a tert-butylsulfonyl group; an arylsulfonyl 
group such as a phenylsulfonyl group, a 1-naphthylsulfonyl group or a 2-naphthylsulfonyl group; or an 
aralkylsulfonyl group such as a benzylsulfonyl group, a phenetylsulfonyl group, a 1-naphthylmethylsulfonyl 
group or a 2-naphthylmethylsulfonyl group. 

In the -NOf'NY 2 ) group, when V and Y* form together with the adjacent nitrogen atom a 5- or 6- 
membered heterocyclic group which may contain a further, hetero atom selected from the group consisting 
of nitrogen, oxygen and sulfur atoms, such a heterocyclic group may be, for example, a morpholino group. 
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a thiomorpholino group, a piperidino group, a pyrrolidinyl group or a piperazinyl group. 

The lower alkoxycarbonyloxyaikyl group may be a lower alkyloxycarbonylalkyl group having from 3 to 9 
carbon atoms such as a methoxycarbonyioxymethyl group, an ethoxycarbonyloxy methyl group, a propox- 
ycarbonyloxymethyl group, an isopropoxycarbonyloxymethyl group, a butoxycarbonyloxymethyl group, a 

5 tert-butoxycarbonyloxymethyl group, a 1-methoxycarbonyloxyethyl group, a 2-methoxycarbonyloxyethyl 
group, a 1 -ethoxycarbonyloxyethy I group, a 2-ethoxycarbonyloxyethyl group, a 1-tert-butoxycarbonylox- 
yethyl group, a 2-tert-butoxycarbonyloxyethyl group, a 1-butoxycarbonyloxyethyl group, a 1-pentyicar- 
bonyloxyethyl group or a 1-hexylcarbonyloxyethyl group. 

In the compound of the formula I of the present invention, the asymmetric carbon atoms may have R- 

io configuration, S-configuration or RS-configuration. 

The salt of the compound of the present invention may be any pharmaceutical^ acceptable non-toxic 
salt. For example, it may be a salt with anion such as C! e , F e , Br e or l e with an inorganic acid such as 
hydrochloric acid, sulfuric acid, hydrobromic acid, hydriodic acid or phosphoric acid, or a salt with an 
organic acid such as oxalic acid, maleic acid, acetic acid, formic acid or tartaric acid. 

rs Representative compounds of the present invention are listed in Tables A and 8, wherein Et means 
ethyl. Vt isopropyl, n Bu n-butyl, 'Bu isobutyl, l Bu tert-butyl. Tri triphenylmethyl. Z ben2yloxycarbonyl and 
Nap-CH 2 -l-naphthylmethyl, and each of A. B, C. 0 and E indicates the steric configuration (R, S or RS). 
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Now. the process for the preparation of the compound of the formula I of the present invention will be 
described 

in the following formulas. R\ R 2 . R 3 , RV R s . R s . m, n and A are as defined above, and T is a leaving 
5 group. 

Basically, the N-acylamino acid derivative of the formula I of the present invention can be prepared by 



10 



condensing an N-acylamino acid of the formula: 

R 2 R 3 
I 1 

R l- S ( 0 )-KH,4- n CH-C0-N-CH-C0OH ( II : 



15 



20 



25 



30 



35 



,4 



or a reactive derivative at the carboxyl group thereof with an amine of the formula: 
R 6 

HN-CH-CH-A < m) 

'5 ' 
R OH 

or condensing a carboxylic acid of the formula: 

R 2 

I 

R 1 -S(0)-4CH->-CH-CqOH (IV) 
m l n 

or a reactive derivative at the carboxyl group thereof with an amino acid amide of the formula: 

R 3 R 6 

I I 

HN-CH-CO-N-CH-CH-A ' V ) 

U 's 1 

R R OH 

40 The condensation of the compounds of the formulas II and III or the condensation of the compounds of 
the formulas !V and V can be conducted by a usual method for the synthesis of a peptide, such as an azide 
method, an active ester method, a mixed acid anhydride method, a carbodiimide method, an imidazole 
method, a diphenylphosphoryl azide method, a Woodward method or condensation method in an oxidation 
and reduction system. 

45 When a functional group which may adversely affect the condensation reaction, such as an ammo 
group, or a carboxyl group, is present, such a functional group may be protected and then condensed, and 
the protecting group is then removed to obtain the compound of the present invention. Such a condensation 
method, protection of a functional group and removal of the functional group are dtsciosed in detail, for 
example, in "Basic for the Peptide Synthesis and Experiments" edited by Nobuo izumiya et al. Maruzen 

50 M 985), "Protein Chemistry 1" edited by Shiro Akabort et al. Kyoritsu Shuppan (1969). or "Chemistry of the 
Ammo Acids" edited by J.P. Greenstein and M. Winit2. John Wiley & Sons. Inc. (1961). 

The compound of the formula II can be prepared by the process shown by reaction scheme I. 
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10 



Reaction scheme 1 

1. Step of alkylation or arylation 



CH 2 (C0 2 R) 2 



(1) 



R 2 -X 



R -CH(C0 2 R) 2 (2) 



15 



20 



25 



30 



35 



2. Step of saponification 



OH 



R 2 -CH 



* /°2 H 



(3) 



3. Step of condensation 



C0 2 R 



R 3 R 4 - 

I I 

NH-CH-C0 2 R ' 



2 R 3 

I 



RO,C-CH-C-N-CH-CO.,R • 

2 II I 4 

0 R 



(4) 



40 



45 



4. Step of increasing 
carbon atoms 



V 

R 2 R 3 
I I 

RO,C-(CH,)„ .-CH-C-M-CH-CO-R' 

2 2 n_1 II l 4 2 

0 R H 



(5: 



50 



55 



21 



EP 0 309 766 A2 



5. Step of reduction 



R 2 R 3 



1 



I I 

HO (CH, ) -CH-C-N-CH-CO-R ' 

2 n H l 4 
0 R* 



(6) 



10 



is 



20 



25 



Step of bonding a 
leaving group 



R R" 



T- ( CH 2 ) n -CH-C-N-CH-C0 2 R ' 



0 R 



7. Step of thioetherif ication 

R 2 R 3 



I 



(7) 



R 1 -SH 



1 11 
R ~S- (CH* ) -CH-C-N-CH-CO-R ' ( 8 ) 

z n ij i « 



0 R n 



30 



35 



40 



-5 



8. Step of oxidation v 

R 2 R 3 



1 1 1 

R -S- (CH- ) -CH-C-N-CH-CO-R ' (9) 

II 2 n H I . 

(0)m 0 R 



9. Step of removing a 
protecting group 



1 



(ID 



To adiaikyl malonate. a halide such as Hchloromethyl)naphthalene is reacted at room temperature in a 
solvent such as tetrahydrofuran in the presence of a base such as sodium hydride to obtain a compound of 
the formula 2. which is then subjected to a saponification reaction at room temperature m ethanol by means 

so of e.g. potassium hydroxide or sodium hydroxide to obtain a half ester of the formula 3. If this hydroiytic 
reaction is conducted by means of an enzyme such as esterase or lipase, or an insolubilized enzyme 
thereof, it is possible to obtain an optically active half ester of the formula 3. 

The compound of the formula 3 is condensed with an amino acid having a protected carboxyi group by 
the above-mentioned usual method for the peptide synthesis, to obtain a compound of the formula 4. As a 

55 preferred embodiment, a tert-butyl ester of an amino acid and the compound of the formula 3 are 
condensed at room temperature in dimethylformamide by means of N.N -dicyclohexyicarbodiimide in the 
presence of 1 -hydroxybenzotriazole. Depending upon the purpose, the compound of the formula 4 is 
subjected to an extension of the carbon chain, for example, by the method shown by reaction scheme 2. 
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Reaction scheme 2 
n 2 



10 



(4) — > HO-C-CT-C-N-CH-CO-R f 
2 II I 4 2 



O R R J 
It I I 
N-HCHT-CH-C-N-CH-CO-R ' 

2 II L 2 



(10) 



(11) 



is 



20 



R 4 
I 



R* 
I 



RO 2 C-CH 2 -CH-C-N-CH-C0 2 R ■ 



(12) 



The compound of the formula 4 has two ester moieties. By differenciating the types of the ester 
moieties, it is possible to convert only one of the ester moieties to a carboxylic acid group. For example, by 
selecting an ethyl group for R and a tert-butyl group for R\ it is possible to hydrolyze only the ethyl ester 
moiety by saponification with an alkali. The resulting carboxylic acid compound of the formula 10 may be 
converted to an acid anhydride or to an acid halide by a usual method and then reacted with a 
diazomethane to obtain a diazoketone compound of the formula 11. which is then reacted with a silver 
compound such as silver benzoate or silver oxide dissolved in triethylamine, in a lower alkanol such as 
methanol or ethanol to obtain a compound of the formula 12 having the carbon number increased by one. 
By repeating this reaction, it is possible to obtain a compound of the formula 5 having various carbon 
numbers. The compound of the formula 5 has two ester moieties. By differenciating the types of the ester 
moieties, it is possible to reduce only one of the ester moieties. For example, by using an ethyl group for R 
and a tert-butyl group for r', it is possible to obtain the desired compound of the formula 6 by the reduction 
with sodium borohydride in ethanol at room temperature. To facilitate the thioethertfication. the hydroxy! 
group formed by the reduction of the ester of the compound of the formula 5 is converted to an excellent 
leaving group shown by T such as a tosyloxy group, a mesyloxy group or a halogen. This step can readily 
be conducted by reacting p-toluene sulfonyl chloride to the compound of the formula 6 at room temperature 
in the presence of a base such as pyridine. Then, the compound of the formula 7 and a thiol compound are 
reacted usually at room temperature in the presence of a base such as sodium hydride in a solvent such as 
dimethylformamide to obtain a compound of the formula 8. The oxidation of the compound of the formula 8 
can be conducted by a usual method, for example, with a manganese compound, chromic acid, a lead 
compound, a halogen, hydrogen peroxide, an organic per acid, an inorganic nitrogen compound or an 
organic compound such as dimethylsulfoxide. By selecting the oxidizing agent or reaction conditions, a 
sulfoxide compound (compound wherein m = 1) and a sulfone compound (compound wherein m = 2) can 
be prepared, respectively. For example, when a compound of the formula 8 is oxidized at room temperature 
by means of an aqueous hydrogen peroxide solution in a solvent such as methanol by using sodium 
tungstate as a catalyst, a sulfonic compound (compound wherein m = 2) can be obtained. By removing the 
protecting group from the compound of the formula 9 by a method suitable for the removal of the particular 
protecting group, compound of the formula II can be obtained. 

Further, the steric chemistry on the carbon to which R 2 is bonded, can be freely controlled by utilizing 
the Sharpless oxidation reaction, for example, by a method represented by Reaction scheme 3. 
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Reaction scheme 3 




(13) 



(14) 



(15) 



R MgX (Grignard reagent) 




(16) 



(17) 



(18) 



0 
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NH-CH-CO-R' 



V 



5 



10 




OR' 



(19) 



15 



(6) 



20 



In the above formulas, R 2 , R 3 R\ R' and n are as defined above, and P 1 and P 2 represent hydroxy l- 
protecting groups. 

An ally lie alcohol of the formula 13 is subjected to asymmetric epoxidation in accordance with the 
25 method disclosed by A. Pfenninger in "Synthesis" p80-116 (1986). Then, the hydroxyl group is protected 
by a hydroxyl-protecting group P 2 , and then the epoxy ring is selectively opened by a Grignard reagent. 
Then. P 2 is removed. Then, oxidation is conducted by e.g. sodium periodate to obtain a carboxylic acid, 
which is then condensed with an amino acid having a protected carboxylic acid by a usual method for 
peptide synthesis such as a dicyclohexylcarbodiimide method. Then, the hydroxy-protecting group P 1 is 
30 removed to obtain the compound of the formula 6 having the desired steric coodination. The hydroxyl- 
protecting group P 1 is preferably a benzyl group, and P 2 is preferably a tert-butyldimethylsilyl group. 
Further, the synthesis can be conducted stereoselectivly also by the following Reaction scheme 4. 
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Reaction scheme 4 



5 



10 



15 



20 



25 



30 




(20) 



(21) 



(22) 



(23) 



wherein R*. R 2 . m and n are as defined above, and 0 is an optically active amine. 

35 a compound of the formula 20 obtained by reacting a fatty acid having a mercapto group at the 
terminal with R'-X wherein X is a halogen such as bromine, is converted to a mixed acid anhydride by 
using e.g. pivaloyi chloride and then condensed with an optically active compound such as (4R.5SM- 
methyt-5-phenyl-2-oxazolidinone in the presence of e.g. n-butyl lithium. Then. R 2 -X wherein X is a halogen 
such as bromine is reacted thereto by using a base such as lithium diisopropylamide to stereospecifically 

•w introduce the R 2 group. Then, if necessary, after an addition of hydrogen peroxide, the product is 
hydrolyzed with an alkali to obtain a compound of the formula 23. If necessary, by using a suitable oxidizing 
agent such as hydrogen peroxiae. a sulfoxide compound (a compound wherein m is 1) or sulfonic 
compound (compound wherein m ts 2) can be obtained. The optically active compound of the formula D 
may be recovered and again used for the reaction. 

«*5 Some of the compounds of the formula II can also be prepared by a process shown by Reaction 
scheme 5. 
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React icn scheme 5 

W 

I 

0 

I 

(CH-)n 
I 2 

(EtO)--P-CH-CO-Et 
0 



1. Step of 

Horner-Emmon's 
reaction 



R" 

I 

CH 



W ' -0- (CH 2 ) n -C-C0 2 Et 



Step of 
reduction 



R 

I 

CH- 



IT -0-(CH 2 ) n -CH-C0 2 Et 



Step Of 
removing a 
protecting 
group 



.-CH-C 

I 

R 2 ' 

I 

CH- 



HO-(CH.,) -CH-CO-,Et 
2 n l 
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4. Step of bonding 
a leaving group 



I 

R 2 ' 
I 

CH. 



T-(CH 2 ) n -CH-C0 2 Et 



5. Step of 

thioetherif ication 



| Rl - SH 



(5' ) 



R 
I 

CH. 



R -S-(CH,) -CH-C0,Et 
2 n 2 



6. Step of 
oxidation 



V 
R 2 ' 

I 

CH. 



(6«) 



R -S-(CH-) -CH-CO,Et 
y 2 n 2 

(O)m 



7. Step of 

saponification 



R 

I 

CH. 



(7 1 ) 



OH 



R -S-( CH, ) „ -CH-CO-H 
■I * n 2 



(0)m 



(8' 



8. Step of 

condensation 



HN"CH-C0 2 R' 



R 

I 

CH 



2' 



1 i 9 ? 

R -S- (CH, ) -CH-C-N-CH-CO,R ' 

{0 ) m • a 



(9' ) 



9. Step of removing a 
protecting group 



(ID 



in the above formulas, R 2 is a substituent of R 2 wherein the 1 -position is methylene group, such as a 
naphthyimethyl group. A Horner-Emmon's reagent of the formula 1 and an aldehyde are reacted usually at 
room temperature preferably under an inert gas stream such as argon or nitrogen in a solvent which does 
not adversely affect the reaction, such as tetrahydrofuran or dimethylformamide. if necessary, by an 
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TO 



75 



20 



addition of an alkali metal or alkaline earth metal haiide such as lithium chloride, lithium bromide or 
magnesium bromide and by a further addition of a base e.g. a tertiary amine such as diazabicycloun- 
decene. triethylamine or diisopropylethylamine or an alkali metal halide. hydroxide, alcoholate or alkyi 
compound such as sodium hydride, sodium hydroxide, sodium ethoxide or butyl lithium, to obtain a 
compound of the formula 2. The hydroxyl-protecting group W may be a commonly employed hydroxyl- 
protecting group such as a tetrahydropyranyl group, a trftyl group or a benzyl group, but preferably is a 
tetrahydropyranyl group. As the Horner-Emmon's reagent, any reagent equivalent to the compound of the 
formula 1' may be employed. The compound of the formula 2 is catalytically reduced under atmospheric 
pressure or elevated pressure in the presence of a metal catalyst such as palladium black, palladium- 
carbon or platinum oxide to obtain a compound of the formula 3'. followed by the removal of the protective 
group to obtain a compound of the formula 4. Steps 4. 5 and 6 can be conducted in the same manner as 
Steps 6. 7 and 8. respectively, of Reaction scheme 1. The saponification of Step 7 can be conducted in a 
usual manner, for example, saponification with an alkali such as sodium hydroxide in a solvent mixture of 
water and a lower alkanol. to obtain a compound of the formula 8 . The condensation of Step 8 can be 
conducted in the same manner as Step 3 in Reaction scheme 1. Then, the removal of the protective group 
is conducted to obtain a compound of the formula II. 

The compound of the formula II can be prepared by a process shown by Reaction scheme 6 m the 
case of a compound wherein A is 

OH 

I 7 
-CH-(CH-) -FT. 
2 q 



25 Reaction scheme 6 

R^ R^ OH 

IS 1 R 7 -(CH 2 ) -MgX , | | 7 

R xs -N-CH-CH-CHO =-E * R -N -CH-CH-CH- ( CH- ) -R 

I I II 2 q 

1 5 I lo I 5 * 19 

R OR X9 , R OR 

(24) (25) 

35 



removal of a protective group (in) 



In the above formulas. R :8 is an amino-protecting group, and R 19 is a hydroxyl-protecting group. The 
compound of the formula 24 can be prepared by a method disclosed in J. Med. Chem.. Vol. 30. p.976-982 
(1987). The compound of the formula 24 is reacted with R 7 -(CH 2 ) q -MgX wherein X is chlorine or bromine, 
and R 7 is as defined above in a solvent such as dry tetrahydrofuran at a temperature of from -78 C to 
45 room temperature, to obtain a compound of the formula 25. By removing the protective group, a compound 
of the formula III can be obtained. 

Some of the compounds can also be prepared by a process shown by Reaction scheme 7. 
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70 



75 



20 



Reaction scheme 7 

R 6 R 6 0 



R X0 -N-CH-CH-CH=CH 2 ^ R X0 -N-CH-CH-CH-CH 2 

I? 'lO '5 ' 19 

R b OR R OR iS 



(26) (27) 



R 6 OH 



B 



,18 



^ R x -N-CH-CH-CH-CH--B 

<5 1 19 

(28) 

removal of a protective group^ 



The compound of the formula 26 is a starting material for the preparation of the compound of the 
formula 24 f and the method for the preparation thereof is also disclosed in J. Med. Chem.. Vol 30. p.976- 
982 (1987). The compound of the formula 26 is reacted with an oxidizing agent such as m-chioro 
perbenzoic acid at room temperature in a solvent such as methylene chloride to obtain a compound of the 
formula 27. which is then reacted with a nucieophiiic reagent B such as a thiol compound to obtain a 
compound of the formula 28. By the removal of a protecting group, a compound of the formula 3 can be 
obtained. 

Some of the compounds of the formula III can be prepared stereospecifically by utilizing the 
asymmetric center of a saccharide by a process as shown by Reaction scheme 8. 
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Reaction scheme 8 




OH 




(40) 

In the above formulas, R e corresponds to R € except that it is shorter than R 6 by one methylene, and 
P\ P 2 and P 3 are hydroxy-protecting groups, and 6 represents an amine compound. 

The starting material 1,2:5.6-diisopropylidene-a-D-allofuranose can readily be prepared from a 0- 
gtucose by a method disclosed by J.D. Stevens in "Methods in Carbohydrate Chemistry n , Vol. VI, p.123 
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(1972). After protecting the hydroxy! group at the 3-position by P\ only the 5.6-isopropylidene was 
selectively removed by means of e.g. acetic acid. Then, by means of a suitable oxidizing agent such as 
sodium periodate,' the product is converted to an aldehyde. Then, a desired side chain is introduced by 
Wittig reaction. If necessary, the olefin is reduced by means of e.g. Raney nickel. The 1 ^-isopropylidene is 

5 removed by treatment with an acid in a lower alcohol, and at the same time, the hydroxyl group at the i- 
position is protected by P 2 . Further, the hydroxyl group at the 2-position is protected by P 3 , and then the 
hydroxyl-protecting group P 2 at the 1 -position is removed. An amine compound G such as morpholine is 
added, and the amino aikylation reaction is conducted by means of a metal hydride complex compound 
such as sodium cyano borohydride. Then, the free hydroxyl group at the 4-pcsition is stereoinversibly 

to converted to an azide group by means of diphenylphospholyi azide in the presence of suitable azide- 
forming agents, preferably triphenylphosphine and diethyl azodicarboxylate. This azide group is reduced to 
an amino group in a usual manner. Then, the hydroxyl-protecting groups P' and P 3 are removed. Thus, 
some of the compounds of the formula III can be stereospecifically prepared. A benzyl group may be 
mentioned as a preferred example for the hydroxyl-protecting group P 1 or P 3 and a methyl group may be 

rs mentioned as a preferred example for the hydroxyl. protecting group P 2 . 

Further, as shown by a typical example in Reaction scheme 9, such a stereospecific synthesis can be 
conducted by the above Sharpless asymmetric epoxidation reaction by using an optically inactive com- 
pound as the starting material. 

20 
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Reaction scheme 9 




(51) (52) 



In the above formulas, R 6 , T. B. P\ P 2 and P 3 are as defined above. 

1 ,4-Pentadien-3-ol of the formula 41 prepared from vinyl magnesium bromide and methyl formate, is 
subjected to the above-mentioned Sharpless asymmetric epoxidation reaction to obtain an epoxy compound 
of the formula 42. After protecting the hydroxyl group by P\ the epoxy ring is selectively opened by means 
of a Qrignard reagent R e MgX. and the side chain is introduced. After protecting the formed hydroxyl group 
by P 2 . a hydroxy! group is stereoselective^ introduced by an oxidizing agent such as osmium tetraoxide to 
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obtain a compound of the formula 46. A leaving group such as a tosyl group or a mesyl group .s bonded to 
the primary hydroxy! group, followed by treatment with an alkali such as potassium carbonate, whereby an 
epoxy compound of the formula 48 can be stereospecifically obtained. This compound of the formula 48 
can also be prepared by removing the hydroxyt-protecting group P 1 of the compound of the formula 45. 
followed by the above sharpless asymmetric epoxidation reaction and against protecting the hydroxyl group 
by p\ A nucleophilic reagent B such as a thiol compound or an amine compound is reacted to the 
compound of the formula 48. and the formed hydroxyl group is protected by P 3 . and the hydroxyl-protecting 
group P 2 is removed to obtain a compound of the formula 51. A compound of the formula III can be 
stereospecifically prepared from the compound of the formula 51 in the same manner as shown by the 
process steps 37—38—39—40 as shown in Reaction Scheme 8. 
Further, the compound of the formula III wherein A is 



R 8 0 



IS 



-CH 2 -CH-C-R" 



20 



can be prepared by the process shown by Reaction scheme 10. 



Reaction scheme 10 



25 



30 



OR 8 
(EtO) 2 P-CH-C0 2 Et 



(24) 



R 6 R 8 
R 1 8 -N-CH-CH-CH=C -CO 2 Et 



OR 



19 



(53) 



,6 



,8 



35 



18. 



R iO -N-CH-CH-CH=C-C0 2 H 
(S4) 



i 5 OR 19 



-5 



R 6 R 8 
R 18 -N-CH-CH-CH=C-C-R 3 



I 19 < 
OR 0 



(55) 



R 8 0 



removal of a 



so 



R l8 -N-CH-CH-CH.-CH-(!;-R 3 protecting group > (m) 



I 5 '19 
R OR 



(56) 



55 



The compound of the formula 24 is reacted with the Horner-Emmon's reagent 
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OR 8 

ft I 

(EtO) 2 P-CH-C0 2 Et 

5 

preferably in an inert gas stream such as argon or nitrogen in a solvent which does not adversely affect the 
reaction, such as tetrahydrofuran or dimethylformamide. if necessary by an addition of an alkali metal or 
alkaline earth metal haiide such as lithium chloride, lithium bromide or magnesium bromide and further by 
an addition of a base, for example, a tertiary amine such as diazabicycloundecene, triethylamine or 
10 diisopropylethylamine or an alkali metal hydride, hydroxide, aicoholate or alkyl compound such as sodium 
hydride, sodium hydroxide, sodium athoxide or butyl lithium, usually at room temperature, to obtain a 
compound of the formula 53. The Horner-Emmon's reagent may be any reagent so long as it is equivalent 
to 

0 R 8 

II I 

(EtO) 2 P-CH-C0 2 Et. 
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25 
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The ester of the compound of the formula 53 is hydrolyzed at room temperature with sodium hydroxide or 
potassium hydroxide in e.g. a solvent mixture of a lower alkanol and water to obtain a carboxylic acid of the 
formula 54. Then, this carboxylic acid is converted to a reactive derivative such as a haiide, an acid 
anhydride, an active ester or an azide by a usual method and then reacted with an amine compound or an 
alcohol compound to obtain a compound of the formula 55. In this condensation step, any one of the above 
peptide syntheses can be employed. In a preferred embodiment, the compound of the formula 54 is 
dissolved in an anhydrous solvent such as dimethylformamide, and triethylamine. diphenylphospholyl azide 
and an alkylamine were added at a low temperature at a level of -20 *C to conduct a reaction at room 
temperature to obtain a compound of the formula 55. The compound of the formula 55 is catalytically 
reduced in the presence of e.g. palladium black, palladium-carbon or platinum oxide under atmospheric 
pressure or elevated pressure to obtain a compound of the formula 56. Then, the protecting group is 
removed to obtain a compound of the formula III. Depending upon the type of the protecting group, the step 
of this catalytic reduction and the step of removal of the protecting group can be conducted simultaneously. 

The compound of the formula IV can be prepared in the same manner as in Reaction scheme 1 except 
that the condensation step 3 is omitted. Namely, the compound of the formula 3 is converted to 

C0 2 R 

R 2 -ch( 

C0 2 R* 



and the subsequent steps are the same as the steps 4— 5—6— 7— 8—9 to obtain a compound of the formula 
IV. 

45 

The compound of the formula V can readily be obtained by condensing an amino-protecting amino acid 
and the compound of the formula III in accordance with a usual method for the peptide synthesis, followed 
by removal of the protecting group. 

When the compound of the present invention is to be used as a medicine, it may be administered by 
itself, but it is usually administered as a mixture with a carrier suitably selected depending upon the route 
for administration and standard formulations. For example, for oral administration, the compound of the 
present invention may be administered in the form of tablets which may be prepared by adding to a powder 
of the active ingredient of the present invention an excipient such as starch, lactose, sucrose, glucose, 
crystalline cellulose, calcium carbonate or kaolin, a binder such as a starch solution, a gelatin solution, a 
55 hydroxypropyl cellulose, a glucose solution, a sucrose solution, water or ethanoi. a disintegrator such as 
starch, agar, gelatin powder, carboxymethyl cellulose calcium (CMC*Ca). carboxymethyl cellulose sodium 
(CMC-Na). crystalline cellulose, calcium carbonate or sodium hydroge near bon ate. or a lubricant such as 
magnesium stearate, calcium stearate, talc, macrogoai 4.000, macrogoal 6.000 or stearic acid, subjecting 
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the mixture to compression molding by a conventional tabletting method, and if necessary, applying a sugar 
coating by means of a concentrated sugar solution containing e.g. gum arabic. talc, polyvinyl pyrrolidone. 
polyethylene glycol and/or titanium oxide, applying a film coating by means of a film-forming agent 
composed of e.g. polyvinyl acetal, diethylaminoacetate. cellulose acetate. N.r4<jibutyiaminohydroxypropyl 

5 ether, hydroxy propylmethy I cellulose, hydroxypropyl cellulose, ethyl cellulose or polyvinyl pyrrolidone. or 
applying an enteric coating by means of a film-forming agent composed of e.g. ethyl cellulose phthalate 
cerac. cellulose acetate phthalate or hydroxypropylmethyi cellulose phthalate; granules or fine granules 
which may be prepared by adding to the active ingredient of the present invention a binder such as starch, 
gelatin, gum arabic, methyl cellulose, sodium carboxymethyl cellulose, heavy silicic anhydride or light silicic 

w anhydride, followed by kneading and granulation by usual methods: a powder of the active ingredient of the 
present invention by itself; or capsules which may be prepared by adding to the active ingredient of the 
present invention an excipient such as lactose, starch or crystalline cellulose and/or a lubricant such as 
magnesium stearate. calcium stearate or talc, and filling the mixture into capsules. For non-oral administra- 
tion, an injection formulation may be used wherein an emulsifying agent such as propylene glycol. 

?s polyethylene glycol or a vegetable oil such as olive oil. or a solubilization agent such as sodium benzoate. 
sodium salicylate. N-hydroxyethyllactamide. calcium a-saccharide, mannitol. nicotic acid amide or cyclodex- 
trtn, is suitably used. 

Further, to such formulations, other medicinal substances may be incorporated. Such medicinal 
substances include, for example, acetazolamide, amiloride, chlorothiazide, furosemide, timolol, propranolol. 
20 cetamolol, cionidine, methyldopa, minoxydil, hydralazine, captopril, pivalopril, enaiapril. lidinopril. verapamil, 
nifedipine, nicardipine, feiodipine. nimodipine and diltiazem. 

An advantageous formulation contains from about 0.1 mg to 500 mg of the compound of the present 
invention. A preferred range of a daily dose for oral administration is from about 0.1 mg/kg to 500 mg/kg. 
and such a daily dose may be administered at once or in three times a day. For non-oral administration, it 
25 is preferred to administer the compound of the present invention in an amount of from about O.V mg/kg to 
10 mg/kg per day at once. The dose may be increased or reduced by a doctor's prescription depending 
upon e.g. the sex and diseased condition of the patient 

Now, the present invention will be described in further detail with reference to the Test Example for 
renin inhibiting activities of the compounds of the present invention and Working Examples. 

30 

TEST EXAMPLE 1 : Renin inhibiting activities 

To 156 ul of a 0.2M sodium phosphate buffer solution (pH7.4), 40 ul of a solution mixture of 34mM 8- 
35 hydroxyquinoline and 100mM disodium ethyienediamine tetraacetate, 4 ul of dimethyl sulfoxide^ or a 
dimethyl sulfoxide solution of an inhibitor and 200 ul of human plasma were added and reacted at 37 C for 
one hour. Then, pepstatin was added thereto to terminate the reaction, and the amount of the resulting 
angiotensin I was measured by radio immunoassay whereby the inhibiting activity was determined. The 
50% inhibition concentrations fICso values) of the compounds of the present invention are shown below. 

4Q 



45 



50 



55 
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Table 1 



Tested Compounds 



IC50(W) 



Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 
Compound 



of Example 1 
of Example 2 
of Example 4 
of Example 5 
of Example 6 
of Example 7 
of Example 8 
of Example 10 
of Example 11 
of Example 12 
of Example 13 
of Example 1 5 
of Example' 16 
of Example 19 
of Example 21 
of Example 31 
of Example 35 
of Example 36 
of Example 38 
of Example 40 
of Example 41 
of Example 42 
of Example 44 



5.0 x 
1.7x 
9.6 x 

1.4 x 

1.6 x 

8.3 x 

1.5 x 

2.0 x 

3.1 x 

9.7 x 
1.9 x 
5.0 x 

3.4 x 
8.3 x 
8.9 x 

4.2 x 
5.9 x 
2.7 x 
5.9 x 

5.3 x 

1.7 x 

3.6 x 

3.8 x 



10 -to 
10 -io 

10 -1Q 

10-* 

io-* 

10" ,c 
10~ 9 

10- 9 

10~ 9 

10~ 9 

10~* 
10 -to 

10~* 

lO^ 

10-* 

10" 9 

10" 9 

10- 9 

10-* 
10- 9 

ID' 9 

10-* 



Table 1 (continued) 



Tested Compounds 


ICso(M) 


Compound of Example 47 
Compound of Example 49(A) 
Compound of Example 51(B) 
Compound of Example 52 
Compound of Example 56 


2.3 x 10- 9 
6.1 x 10~ 9 
2.0 x 10-* 
3.0 x 10-* 
2.0 x 10~ 9 



From the above results, it is evident that the compounds of the present invention have remarkably 
strong inhibiting activities against human plasma renin. 



TEST EXAMPLE 2: Absorption test by oral administration 



10 mg/kg of the compound of Example 16 was orally administered to rats (n = 4), whereupon the 
concentration of the compound in the plasma was measured. The concentration in the plasma was 
calculated by the inhibiting activities against human plasma renin. The results are shown in Table 2. 

Table 2 



Time (hrs.) 


1/12 


1/8 


1/4 


1/2 


1 


2 


4 


8 


24 


Concentration of the compound of Example 16 (ng/ml) 


89 


136 


212 


267 


183 


85 


34 


12 


7 



It is evident from Table 2 that the compound of the present invention is efficiently absorbed by oral 
administration and shows a continual concentration in blood. 
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TEST EXAMPLE 3: Hypotensive activities in monkeys 

The hypotensive activities were measured in accordance with a method disclosed in J. Cardiovascular 
Pharmacology. Vol. 7. (Suppl. 4) S58 - S61 (1985). Namely. 30 mg/kg of furosemido (diuretic) was 
intracutaneously injected to three marmosets i.e. small size monkeys to produce a high renin active state. 
To these marmosets, 30 mg/kg of the compound of Example 16 was orally administered, whereupon the 
hypotensive activities were measured. The results are shown in Figure 1. 

It is evident from Figure 1 that the compound of the present invention exhibits hypotensive activities by 
the oral administration. Thus, the compound of the present invention has properties useful as a medicine. 

Now, the present invention will be described in further detail with reference to Examples. However, it 
should be understood that the present invention is by no means restricted to such specific Examples. 



EXAMPLE 1 

(2RS.4S,5S)-5-{L-N-[(2R or * S)>3-ethylsulfonyl-2-(Vnaphthylmethyl)propionyl]norleucyl}amino*2-ethyl-4' 
hydroxy-7-methyloctanoic acid isobutylamide 

20 

(1) Ethyl (i-naphthylmethyl)malonate 

(a) Into a reactor, 1 g of sodium hydride (60% in oil) was introduced and washed a few times with dry 
n-hexane. Then, it was dried in dry argon to dry powder, and then 10 ml of dry tetrahydrofuran (hereinafter 

25 referred to simply as THF) was promptly added thereto and the reactor was sealed under an argon stream. 
While cooling the reaction solution with ice, 42 ml of diethyl malonate was dropwise added. Generation of 
hydrogen started, but ended upon completion of the dropwise addition, whereby a uniform transparent 
reaction solution was obtained. The reaction solution was returned to room temperature, then stirred for 15 
minutes and again cooled with ice. To this reaction solution, a solution of 4.66 g of Hchloromethyl)- 

30 naphthalene in 5 ml of dry THF was dropwise added. The mixture was returned to room temperature and 
Stirred overnight. 

Then, the reaction solution was diluted with 200 ml of ethyl acetate and washed with 100 ml of water 
and then with 100 ml of a saturated sodium chloride aqueous solution. The organic layer was separated, 
dried over anhydrous magnesium sulfate and concentrated under reduced pressure. The syrup thereby 
35 obtained was purified by silica gel column chromatography (n-hexane'ethyl acetate = 1 0/1) to obtain 5.61 g 
(yield: about 64%) of diethyl (1*naphthylmethyl)malonate as crude syrup. 

Rf value (measured by silica gel plate Merck 5715, the same applies hereinafter): 0.3 (n-hexane ethyl 
acetate = 10/1) 

Nuclear magnetic resonance spectrum (hereinafter referred to simply as NMR.) (300 MHz. CDCI 3 ) 
40 5ppm: 1 .2(6H.t.J = 7Hz). 3.7(2H,d.J = 8Hz), 3.84(1 H.dd.j = 6.5.8Hz). 4.1 5<4H.m) 

(b) 5.32 g of the syrup of diethyl (i-naphthylmethyl)malonate was dissolved in 20 ml of absolute 
ethanol. To this solution, a solution of 1.17 g of potassium hydroxide (85%) in 45 ml of absolute ethanol was 
dropwise added over a period of 1.5 hours. Thereafter, the stirring was continued overnight. Then, the 
resulting suspension was weakly acidified with 3 ml of 6N hydrochloric acid under cooling with ice. and 20 

45 ml of water was further added thereto. Then, the mixture was concentrated under reduced pressure at a 
temperature of not higher than 40* C. The concentrated suspension after sufficient evaporation of ethanol 
was dissolved in 300 mi of ethyl acetate. The solution was washed sequentially with 200 ml of water and 
with 200 ml of a saturated sodium chloride aqueous solution. The ethyl acetate layer was separated, dried 
over anhydrous magnesium sulfate and then concentrated under reduced pressure. The syrup thereby 

50 obtained was purified by silica gel column chromatography (benzenaethanol/acetic acid = 100/4/0.5). The 
purified fractions of the eluted solutions were collected (about 200 ml), and 100 ml of ethyl acetate was 
added thereto to bring the total volume to about 300 ml. The mixture was thoroughly washed with a 
saturated sodium chloride aqueous solution (200 ml x 3 times). The organic layer was dried over anhydrous 
sodium sulfate. The inorganic salt was filtered off. and the filtrate was concentrated and dried to obtain 3.64 

55 g of ethyl (l-naphthylmethyl)malonate. 

Rf: 0.54 (benzene/ethanol/acetic acid a 10/1/0.5) 
NMR (300 MHz, CDCls) 

Sppm: 1.l6(3H,t,J«7Hz), 3.73(2H), 3.90(1 H.ddJ -6.5.8Hz), 4.l6(m.2H) 
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(2) L-norleucine tert-butyl ester 

2.0 g of L-norleucine was introduced into a pressure tube, and about 30 ml of dry dioxane was added 
thereto to obtain a suspension. Then, 2 ml of concentrated sulfuric acid was added thereto, and the reactor 

s was cooled to -75* C. Then, isobutene gas was blown thereinto. When about 10 ml of isobutene gas was 
introduced, the tube was sealed. The temperature was gradually returned to room temperature under 
stirring, and then the stirring was continued overnight Then, the reactor was opened, and isobutene was 
evaporated under atmospheric pressure. Then, the reaction solution was poured into 200 ml of a 2M sodium 
hydroxide aqueous solution under cooling with ice, and the mixture was vigorously stirred. Then, the 

10 mixture was extracted with diethyl ether (250 ml x 2 times). The separated ether layer was washed with a 
saturated sodium chloride aqueous solution (100 ml x 2 times) and then dried over anhydrous magnesium 
sulfate. The inorganic salt was filtered off, and the filtrate was concentrated to obtain a syrup. The syrup 
was thoroughly dried under reduced pressure and then stored at a temperature of not higher than 5 C. 
whereby 1.46 g (yield: 51%) of the above identified compound precipitated as white crystals. 

;s Rf: 0.71 (chloroform/methanol/conc.aqueous ammonia » (10/0.5/0.2) 
NMR (300 MHz, CDCI 3 ) 
5ppm: 0.9(3H,m), 1.2-1. 8(1 5H,m), 3.29(1 H) 



20 (3) L-N-{2-ethoxycarbonyh3-(1"naphthyl)propionyl}norleucine tert-butyl ester 

1.59 g of ethyl (1 -naphthylmethyl)malonate was dissolved in 15 ml of anhydrous dimethylformamide 
(hereinafter referred to simply as DMF). Then, a solution of 1.20 g of L-norteucine tert-butyl ester in 5 ml of 
dry DMF was added thereto. The reaction solution was cooled to -15* C, and 1.28 g of 1 -hydroxyben- 

25 zotriazole and 1.68 g of N.N-dicyclohexylcarbodiimide (hereinafter referred to simply as DCC) were added 
thereto. The mixture was stirred for 1 hour at -15* C and then stirred overnight at room temperature. Then, 
precipitated dicyclohexylurea was filtered off. the collected filtration product was washed with a small 
amount of a solvent mixture of n-hexane/ethyl acetate (4/1) and the washing solutions were put together. 
The filtrate was diluted with 200 ml of ethyl acetate and then washed sequentially with 150 ml of a 4% 

30 sodium hydrogencarbonate aqueous solution and with 150 ml of a saturated sodium chloride aqueous 
solution. The separated ethyl acetate layer was dried over anhydrous magnesium sulfate. The inorganic salt 
was filtered off, and the filtrate- was concentrated under reduced pressure. The syrup thereby obtained was 
purified by silica gel column chromatography (n-hexane/ethyl acetate = 4/1). The eluted fractions were 
collected, concentrated under reduced pressure and dried to obtain 2.45 g (yield: 95%) of the above 

35 identified compound as gelled solid. 

Rf: 0.41, 0.35 (n-hexane/ethyl acetate = 3/1) 
NMR (300 MHz, CDCI3) 

Sppm: 0.89(3H,t.J = 7Hz), 1 .07(3H,t.J = 7Hz). 1.14-1.58<13H) ( 1.65(1H t m), 1.82(1H.m). 3.59-3.82(3H.m). 4.06- 
(2H,m). 4.45(1H.m). 6.92(1 H.d.J =8Hz), 7.34(2H.m). 7.46-7.61 (2H.m). 7.73(1H,m), 7.85(1 H.d.J = 8Hz), 8.06- 
40 (1H.d,J = 8Hz) 



(4) L-N-{(2R or S)-2-hydroxymethyl-3-(i-naphthyl) propionyl}norieucine tert-butyl ester 

45 2.45 g of L-N-{2-ethoxycarbonyl-3-(l-naphthyl)propionyl}norleucine tert-butyl ester was dissolved in 60 
ml of etnanol. Then, 1.48 g of sodium borohydride was gradually added thereto. The mixture was stirred for 
5.5 hours and then concentrated under reduced pressure at a temperature of not higher than 40 C to 
obtain a suspension syrup. The syrup was dissolved in 250 ml of ethyl acetate and then washed with 200 
ml of water and then with 200 ml of a saturated sodium chloride aqueous solution. The organic layer was 

so separated and dried over anhydrous magnesium sulfate. Then, the inorganic salt was filtered off. and the 
filtrate was concentrated under reduced pressure to obtain a solid. The product was purified by silica gel 
column chromatography (n-hexane/ethyl acetate = 1/1 - 2/1). Among the purified fractions, the fraction 
having a Rf value of 0.58 (n-hexane/ethyl acetate = 1/1) was collected and extracted. The extract solution 
was concentrated and dned to obtain 0.74 g (yield: 33%) of crystalline solid. Further, the fraction having a 

55 Rf value of 0.45 (under the same condition as in the case of the Rf value of 0.58) was collected and 
concentrated to obtain 0.97 g (yield: 44%) of crystalline solid. 
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Product having a Rf value of 0.58: 
NMR (300 MHz. CDCI 3 ) 

5ppm: 0.86<3H.t.J = 7Hz). 1-15-1 .38(4H), 1 .43<9H.s), 1 .6(1 Km). 1 .8<2H.m). 2.78<2H.m). 3.33- 
5 (1H.dd.J- 7.5.1 4Hz). 3.49(1H,dd.J = 7.5.14Hz). 3.82(2H.m) f 4.37(1H.m). 6.12(1H.br S.J*7Hz). 7.38- 
(2H,d.J = 5Hz), 7.45-7.57(2H.m). 7.74(1 H,m). 7.86(1 H.d. J a 8Hz), 8.05(1 H.d.J »8Hz) 
Melting point: 94 - 95* C 

Angle of rotation [a£° = + 50.5 " (C 1.00. CHCb) 

70 

Product having a Rf value of 0.45 
NMR (300 MHz, CDCb) 

5ppm: 0.82(3H t tJ=7Hz). 0.85-1 .0<2H,m). 1.12-1.22(2H.m). 1.36-1 .56(11 Km). 2.79(1 H.m). 3.27(2H.m). 3.48- 
is (1H.ddJ= 9.14Hz). 3.86<2H.t,J»6Hz), 4.36<1H,m). 5.74(1H.br d.J = 8Hz). 7.37(2H.m), 7.5l(2H.m). 7.73- 
(lH.m). 7.86(1H.dd.J = 1.5,8Hz), 8.02(1 H.d J s 8Hz) 
Melting point: 92 - 94* C 

Angle of rotation [a]g° ? - 72.6 # (C 1.00, CHCI3) 

20 

(5) l-N-{(2R or S)-2-(1-naphthylmethyl)-3-p-toluenesulfonyloxypropionyl}norleucine tert-butyl ester 

202 mg of the solid of L-N-{(2R or S)^-hydroxy-2-(1-naphthylmethyl)propionyl}nor»eucine tert-butyl 
ester (the product having a Rf value of 0.58 obtained in the Process (4)) was dissolved in 3 ml of dry 

25 pyridine. Then, 107 mg of p-toluene sulfonylchloride was added thereto, and the mixture was reacted at 
room temperature for 24 hours. 15 mg of the same reagent was additionally added thereto, and the mixture 
was reacted for further 24 hours. Then, the reaction solution was concentrated under reduced pressure. The 
residue was dissolved in 20 ml of ethyl acetate and then washed sequentially with 10 ml of a 4% potassium 
hydrogen sulfate aqueous solution, with 10 ml of a 4% sodium hydrogencarbonate aqueous solution and 

30 with 10 ml of a saturated sodium chloride aqueous solution. The organic layer was separated and dried over 
anhydrous magneisum sulfate. Then, the inorganic salt was removed by filtration, and the filtrate was 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (n- 
hexane-ethyl acetate 3 4/1). and the eluted solution was concentrated and dried under reduced pressure to 
obtain 264 mg of L-N-{(2R or S)-2-(1 -naphthylmethyl)-3-p-toluenesulfonyloxypropiony I }nor leucine tert-butyl 

35 ester as colorless transparent syrup. 
Rf: 0.44 (n-hexane/ethyl acetate = 3/1 ) 
NMR (300 MHz, CDCIa) 

5ppm: 0.86(3H.t.J»7Hz), 1 .05-1.4(4H,m). 1.39(9H,s). l.52(1H.m). l70(1H.m), 2.44(3H.s). 2.93(1Km>, 3.28- 
(2H.m). 4.15(tH,dd.J = 6,10Hz), 4.28(2H,m), 5.78(1H.d.J = 8Hz). 7.l9-7.38(5H,m). 75U2H.m), 7.72(2H,m). 
40 7.85(1 H.m), 7.93(1 H.m) 



(6) L-N-{(2R or S)-3-ethytthio-2-(l-naphthylmethyl)propionyl)norleucine tert-butyl ester 

45 30 mg of L-N-{(2R or S)-2-(1-naphthylmethyl)-3-p-toluenesulfonyloxy proptonyl}norieucme tert-butyl 
ester was dissolved in 0.2 ml of dry DMF. Separately, a suspension of a thioalkoxide <in 1 .8 ml of dry DMF) 
prepared from 64 mg of sodium hydride and 0.3 ml of ethyl mercaptan. was preparea. and 0.5 ml of the 
suspension was added to the above solution. The mixture was reacted at room temperature for 30 minutes, 
and then about 1 ml of water was added. Then, the reaction solution was diluted by an addition of 20 ml of 

50 benzene and washed sequentially with 10 ml of water and with 10 ml of a saturated sodium chloride 
aqueous solution. The organic layer was separated and dried over anhydrous magnesium sulfate, and then 
concentrated and dried under reduced pressure to obtain 23 mg of L-N-{(2R or S)-3-ethylthio 2-(i- 
naphthylmethyl)propionyl}norleucine tert-butyl ester as colorless transparent syrup. 
Rf: 0.56 (n-hexane/ethyl acetate = 3/1) 

55 NMR (300 MHz. CDCb) 

appm: 0.88(3H.t.J = 7Hz). 1.1-1.4(7H,m), 1.41(9H.s), 1.59(1H.m). 1/75<1H,m). 2.51(lH.m). 2.72<2H.m), 2.93- 
(1H.ni), 3.39(2H,d,J = 6.5Hz). 4.36(1H.m). 5.86(1 H.d J = 7Hz), 735(2H.m). 7.52(2H.m), 7.72(1H). 7.85(1H). 
8.07(1 H) 
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Infrared absorption spectrum (hereinafter referred to simply as IR) (KBr) 
pern- 1 : 1740. 1660. 1540. 1520. 1390. 1160 



s (7) L-N-{(2R or SV3-ethylsulfonyl'2-(l-naphthylmethyl)propionyl)norieucine tert-butyl ester 

23 mg of L-N-{(2R or S)*3-etriytthio-2-(l-napnthy!methyl)propionyl}norleucine tert-butyl ester was dis- 
solved in 1 ml of methanol. To this solution. 0.1 ml of a 30% hydrogen peroxide aqueous solution and 
sodium tungstate dihydrate were added, and the mixture was stirred at room temperature for 1 hour. Then. 

io the reaction solution was diluted with 20 ml of ethyl acetate and washed sequentially with 10 ml of water 
and with 10 ml of a saturated sodium chloride aqueous solution. The organic layer was separated and dried 
over anhydrous magnesium sulfate, and then concentrated and dried under reduced pressure to obtain 22 
mg of the above identified compound as colorless transparent syrup. 
Rf: 0.12 (n-hexane/ethyl acetate = 3/1) 

75 NMR (300 MHz. CDCI 3 ) 

6 ppm: 0.85<3H,t.J»7Hz), 1.1-1.35(7Km). 1.38<9H.s). 1.59(1 H.m), 1.72(1 H.m). 2.82<2Km). 3.01- 
(1 H.dd J = 3. 1 4.5Hz). 3.26(1 H.m). 3.41 (2H.m), 3.70(1 H.dd.J = 9.1 4.5Hz). 5.97(1 H.d.J = 7Hz). 7.30- 
(1H,d.J«6Hz), 7.38(1 H.t.J* 8Hz), 7.54<2H,m), 7.75(1 H t d f J * 8Hz), 7.86(1 H.d.J 3 8Hz), 8.02(1 H.d.J = 8.5Hz) 
IR (KBr. neat) 

20 *cm- ! : 1740, 1660. 1540, 1310, 1160, 1110 
Mass spectrum (FAB-MS) 420. 476 (M* + 1) 



(8) (2RS.4S,5S)*5-amino-2-ethyl-4-hydroxy-7*methyloctanoic acid isobutylamide.hydrochloride 

25 , 

(a) 856 mg of a sodium hydride (60% in oil) was washed three times with n-hexane under a nitrogen 
atmosphere. After drying, the obtained powder was suspended in 7.2 ml of dry DMF under a nitrogen 
atmosphere, and 4.26 ml of ethyl diethyiphosphono acetate was dropwise added thereto over a period of 
one hour under stirring at 0*C. After stirring at room temperature for about one hour, the mixture was 

30 cooled to 0* C. and 1,92 ml of bromoethane was added thereto under stirring. The mixture was then stirred 
overnight at 55* C. The reaction solution was poured into 40 ml of water and extracted three times with 20 
ml of ethyl acetate. The organic layer was washed with water and then with a saturated sodium chloride 
aqueous solution and dried over anhydrous sodium sulfate. Then, the solvent was distilled off under 
reduced pressure. The residue was purified by silica gel column chromatography (n-hexane/acetone = 4/1) 

35 to obtain 2.76 g of ethyl 2-diethylphosphonobutanoate as oily substance. 
Rf: 0.63 (n-hexane/ethyl acetate = 1/5) 
Mass spectrum m/z 253 (M* + 1) 
NMR (60 MHz. CDCI3) 

5 ppm: 0.95(3H,t,J = 8Hz). 1 .25(3H,U = 8Hz) 1 .29(6H.t,J = 7Hz), 1 .6-2.1 (2H,m). 2.8(1 H.ddd.J 3 22,7,7Hz), 
40 4.05(2H,q,J = 8Hz). 4. 1 5(2H.q. J = 7Hz) 

(b) 3-[(4S.5S)-3-ben2yloxycarbonyl*2.2-dimethyl-4-isobutyloxazolidin-5-yl]-2*ethyl-2-propenoic acid 
isobutylamide 

45 

71.6 mg of lithium chloride was suspended in 5 ml of dry THF under an argon atmosphere, and 426 mg 
of ethyl 2-diethylphosphonobutanoate dissolved in 0.6 ml of dry THF was added thereto under stirring. The 
mixture was stirred at room temperature for 5 minutes, and then 323 mg of 1 ,8*diazabicyclo(5.4.0h7- 
undecene (hereinafter referred to simply as DBU) was added thereto in the form of a 50% dry THF solution. 

so and the mixture was stirred at room temperature for 10 minutes. Then, 450 mg of (4S.5R)-3- 
benzyloxycarbonyl-2.2-dimethyl-5-formyl-4- isobutyloxazolidine dissolved in 1 .0 ml of dry THF was added 
thereto, and the mixture was stirred at room temperature overnight. The reaction solution was cooled to 
0*C and neutralized with 1N hydrochloric acid. Then, the solution was extracted three times with ethyl 
acetate. The organic layer was washed with water and with a saturated sodium chloride aqueous solution 

55 and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pr-.ssure. and the 
residue was purified by silica gel column chromatography (n-hexane/ethyl acetate ■ 1071) to obtain 518 mg 
of ethyl 3-[(4S,5S)-3*benzyloxycarbonyl*2^-dimethyl-4-isobutyloxazolidin-5-yl]-2-ethyl-2-propenoate as 
colorless oily substance. 
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Rf: 0.53 (n-hexane/ethyl acetate = 5/1 ) 

5NMR (60 MHz, C0CI 3 ) _ k 

Sppm: 0.7-1 .8(21 H,m).2.32(2H.m), 3.80(1H.m), 4.20<2H.qJ = 7Hz), 4.58<0.5H,dd.J = 2.9Hz), 5.1<X0.5H.m>. 

5.11(2H,S). 5.85{0.5H.br d,J = 9Hz), 6.66(0.5H,dJ = 9Hz). 7.30(5H.s) 

s 517 mg of ethyl 3-{(4S,5Sh3-benzyloxycart>onyl-2^ P r0 " 
penoate was dissolved in 3.10 ml of an ethanoi/water (9/1) solution of 2N potassium hydroxide, and the 
solution was stirred at room temperature for 3 hours. Then, the reaction solution was adjusted to pH2 with 
1N hydrochloric acid under cooling with ice and after an addition of 24 ml of water, extracted three times 
with 20 ml of ethyl acetate. The organic layer was washed with water and with a saturated sodium chloride 

ro aqueous solution and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced 
pressure to obtain 3-t(4S.5S)-3-benzylO)cy<^onyl-2.2Klimethyl-^sobutyloxazolidin-5-yl]-2-ethyl-2-pro- 
penoic acid as colorless oiiy substance. 

This product was dissolved without purification in 1.0 ml of dry DMF. While stirring the solution at 
-10* C. 145 ul of isobuty (amine, 320 ul of diphenylphosphorylazide (hereinafter referred to simply as DPP A) 

T5 and 207 ul of triethylamine were added thereto. The mixture was stirred at -10* C for one hour and further 
at room temperature overnight. Then, 60 ml of ethyl acetate was added to the reaction solution. The organic 
layer was washed sequentially with a 10% citric acid aqueous solution, with water, with a 4% sodium 
hydrogencarbonate aqueous solution, with water and with a saturated sodium chloride aqueous solution and 
then dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, and the 

20 residue was purified by silica gel column chromatography (n-hexane/ethyl acetate = 5/1) to obtain 204 mg 
of 3-[(4S,5S)-3-benzyloxycarbonyl-2^ime^ acid 
isobutylamide. 151 mg of 3H(4S.5S)-3-benzyloxycarbonyl-^2-dimethyM-isobutyloxazoiidin-5-ylh2-ethyl-2- 
(E)-propenoic acid isobutylamide and 55 mg of a mixture of both as colorless oily substances. 
Rf: 2(Z) isomer 

25 0.37 (n-hexane/ethyl acetate = S2) 
2(E) isomer 

0.28 (n-hexane/ethyl acetate = 5/2) 
NMR (60 MHz. CDCb) 
2(2) isomer 

30 5ppmT070.3(15H,mK 1.4-2.1 MOH.m) 2.30<2H,m), 3.20(2H,dd.J »6.6Hz) 3.8(1 H,m). 4.52(1 H,dd.J = 2.9Hz) 
5.12<2H,S>. 5.60(1 H.br d.J =9Hz) 6.50(1 H.m), 7.30(5H.s) 
2(E) isomer 

$^m707^3(15H,m). 1. 3-2.0(1 OH.m) 2.30(2H.m). 3.10(2H,dd,J = 6,6Hz) 375(1H.m), 4.52(1 H.dd,J = 2.9Hz) 
5.04<2H.s), 5.75(1 H.m). 6.00(1 H.d.J = 9Hz). 7.25(5H,s) 

35 (c) 578 mg of 3-[(4S,5S)-3-benzyloxycarbonyl-2.2-dim^ 

penoic acid isobutylamide was dissolved in 10 ml of methanol. A palladium black catalyst was added 
thereto, and hydrogen was continuously blown into it over a period of 4 hours. (During the period, 0.2 ml of 
1N hydrochloric acid was added seven times at intervals of about 30 minutes to maintain the reaction 
solution to be weakly acidic. The catalyst was removed by filtration, and the filtrate was concentrated under 

40 reduced pressure. The residue thereby obtained was dissolved in a solvent mixture of 
dichioromethane/benzene and azeotropically concentrated under reduced pressure for drying. Then, similar 
drying was conducted under a solvent mixture of dichforomethanehexane to obtain 455 mg of (2RS.4S.5S)- 
5-amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide hydrochloride as white solid. 
Rf: 0.52. 0.45 (chloroform/ methanol/conc. aqueous ammonia » 10/1.0.5) 

(9) (2RS,4S,5S)-5-{L-N-((2R or S)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl)norleucyt}amino-2-ethyM* 
hydroxy-7-methyloctanotc acirTTsobutylamide 

so 20 mg of L-N-{(2R or S)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl}norleucine tert-butyl ester was 
dissolved in 0.5 ml of dichloromethane. Then, 0.5 ml of trifluoroacetic acid (hereinafter referred to simply as 
TFA) was added thereto, and the mixture was reacted at room temperature for one hour. Then, the reaction 
solution was concentrated under reduced pressure, and the resulting syrup was dissolved in benzene. This 
solution was concentrated under reduced pressure, and excess TFA was azeotropically evaporated and 

55 removed to finally obtain white solid. Obtained L-N-{(2R or S)-3-ethylsulfonyi-2-(l -naphthy (methyl h 
propionyl}norleucine was throughly dried under reduced pressure and dissolved in 0.3 ml of dry OMF. At a 
temperature of -20 *C, 12 ul of triethylamine and 12 ul of OPPA were successively added, and the mixture 
was stirred. Five minutes later. 23 mg of (2RS,4S.5S)-5-amino-2-ethyM-hydroxy-7-methyloctanoic actd 
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isobutylamide hydrochloride and 10 ul of triethyiamine dissolved in 0.4 ml of dry DMF were added to the 
previous reaction solution. 

The mixture was stirred at -20* C for one hour and at 5 C overnight and then at room temperature for 3 
hours. Then t the reaction solution was diluted with 20 ml of ethyl acetate and washed sequentially with 10 
ml of a 5% potassium hydrogen sulfate aqueous solution, with 10 ml of a 4% sodium hydrogen carbonate 
aqueous solution and with 10 mi of a saturated sodium chloride aqueous solution. The separated ethyl 
acetate layer was dried over anhydrous magnesium sulfate. The inorganic salt was removed by filtration, 
and the filtrate was concentrated under reduced pressure. The residue thereby obtained was purified by 
silica gel column chromatography (chlorofomVmethanol - 40/1). The eluted fractions of the desired product 
were collected and concentrated, and the resulting syrup was azeotropicaily concentrated under an ethyl 
ether solution to dryness to obtain 23 mg of the above identified compound as white solid. 
Rf: 0.65 (chloroform/methanol - 10/1) 



EXAMPLE 2 



(2RS,4S,5S)-5-{L-N-[<2R or S)-3-(pyrimidin*2-yl)sutfonyl-2-(1-naphthylmethyl)propionylInorleucyl}amino-2" 
ethyl-4«hydroxy-7-methyioctanoic acid isobutylamide 



(1 ) L-N-{(2R or S)-3-(py rimidin-2-y l)thio-2-< 1 -naphthy ImethyQpropiony l}norleucine tert-butyl ester 

52 mg of L-N-{(2R or S)-2-(1-naphthylmethyl)-3-p-toluenesulfonyloxypropionyl}norleucine tert-buty) es- 
ter obtained in Example 1 was dissolved in 0.5 ml of dry DMF. Separately, a suspension of a thioafkoxide 
(in 5 mi of dry DMF. prepared from about 80 mg of sodium hydride and 600 mg of 2-mercaptopyrimidine. 
and 0.5 ml of the suspension was added to the above reaction solution. The mixture was reacted at room 
temperature for 4 hours. Then, 1 ml of water was added, and the reaction solution was further diluted with 
20 ml of ethyl acetate. The reaction solution was washed with water (10 ml x 2 times) and then washed with 
a saturated sodium chloride aqueous solution. The organic layer was separated, dried over anhydrous 
magnesium sulfate and then concentrated under reduced pressure. The syrup thereby obtained was 
purified by silica gel column chromatography (n-hexane/ethyl acetate = 3/1). The eluted fractions contain- 
ing the desired product were collected, concentrated and dried to obtain 41 mg of L-N-{(2R or S)-3- 
(pyrimidin-2-yl)thio-2-(1*naphthylmethyl)propionyl}norleucine tert-butyl ester as syrup. 
Rf: 0.22 (n-hexane/ethyl acetate = 3/1) 
NMR (300 MHz. CDCI3) 

5ppm: 0.85(3H.tJ = 7Hz). 1 .00-1 .35(4H.m). 1.37(9H.s) 1.56<1H,m). l.75(1H.m). 3.04(1 H.m). 3.38- 
(1H,dd,J= 6.14Hz), 3.48(2H.m), 4.36(1 H.m), 6.13(1 H.d.J»7.5Hz). 6.96(1 H.t.J = 5Hz). 7.3-7.5(4H.m). 7.70- 
(ddJ- 1.5.7.5Hz). 7.83(1 H.m) 8.12(lH,m), 8.45(1 H.d J »4.5Hz) 



(2) L-N-{(2R or S)-3-(pyrimidin-2-yl)sulfonyl-2-(l-naphthylmethyl)propionyl}norteucine tert-butyl ester 

38 mg of L-N-{(2R or S)-3-(pyrimidin-2-yl)thio-2-(1-naphthylmethyl)propionyl}norleucine tert-butyl ester 
was dissolved in 1 ml of methanol. To the solution, 0.25 mi of a 30% hydrogen peroxide aqueous solution 
and 18 mg of sodium tungstate dihydrate were added, and the mixture was reacted at room temperature 
overnight. The reaction solution was diluted with 20 ml of ethyl acetate and washed sequentially with 10 ml 
of water and a saturated sodium chloride aqueous solution (10 ml x 2 times). The organic layer was 
separated, dried over anhydrous magnesium sulfate, and concentrated and dried under reduced pressure to 
obtain 29 mg of the above identified compound as white powder. 
Rf: 0.26 (n-hexane/ethyl acetate = 1/1 ) 
NMR (300 MHz. CDCI3) 

5ppm: 0.86(3H.t.J = 7Hz), 1 .20-1 .38(4H,m), 1.39(9H,S). 1.6l(1H.m). 1.74(1H.m), 3.26(1H.m), 3.2-3.3(3H.m). 
3.50(1 H.dd.J * 8.1 4Hz). 3.72(1 H.dd.J * 3.1 5Hz). 4.1 4(1 H.dd.J = 8.1 5Hz>. 4.30( 1 H.q.J = 6Hz). 6.08- 
(1 H.d J = 8Hz). 7.3-7.4<3H.m). 7.5(2H.m). 7.71 (1 H.d.J » 8Hz). 7.82(1 H,m). 7.97(1 H.d J = 8Hz). 8.63- 
(1H,d,J = 4.5Hz), 
IR (KBr. neat) 

icm -1 : 3380. 2960. 2940. 1730. 1670. 1570. 1390. 1320, 1160, 1120 
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(3) (2RS.4S,SSh5-{L-N-{(2R or S)-3-(pyrimidin-2-yl)sulfony^ 
2^thyl-4-hydroxy-7-methyloctanoic acid isobutylamide 

27 mg of l-N-{(2R or S)-3-(pyrimidin-2-yl)sulfonyl-2-^ tert-butyl 

s ester was dissolved in 0.5 ml of dichloromethane. Then. 0.5 ml of TFA was added thereto, and the mixture 
was reacted at room temperature for 3 hours. Then, the reaction solution was concentrated under reduced 
pressure and the syrup thereby obtained was dissolved in benzene. The solution was concentrated under 
reduced pressure and excess TFA was azeotropicaiiy removed. The solution was finally evaporated to 
dryness to obtain white solid. L-N-{(2R or S)-3-(pyrimidin-2-yl)sulfonyl-2-(l-naphthylmethyl) 

10 propionyQnorleucine thus obtained was throughly dried under reduced pressure and then dissolved in 0.4 
ml of dry DMF. Then, 21 til of triethylamine and 14 ul of DPPA were added sequentially at -20* C. and the 
mixture was stirred. Five minutes later, a solution prepared by adding 27 mg of (2RS,4S,5S)-5-amino-2- 
ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide hydrochloride and 15 ul of triethylamine to 0.5 ul of 
dry DMF. was added to the previous reaction solution and the mixture was stirred at -20 C for one hour, at 

75 5*C overnight and then at room temperature for 3 hours. The reaction solution was diluted with 20 ml of 
ethyl acetate and washed sequentially with 10 ml of a 5% potassium hydrogensulfate aqueous solution. 10 
ml of a 4% sodium hydrogencarbonate aqueous solution and with 10 ml of a saturated sodium chloride 
aqueous solution. The ethyl acetate layer was separated and dried over anhydrous magnesium sulfate. The 
inorganic salt was removed by filtration, and the filtrate was concentrated under reduced pressure. The 

20 residue thereby obtained was purified by silica gel column chromatography (chloroforrrvmethanol 3 40/1). 
The eluted fractions containing the desired product were collected and concentrated. The syrup thereby 
obtained was azeotropicaiiy concentrated with dichloromethane/hexane and evaporated to dryness to obtain 
31 mg of the above identified compound as white solid. 
Rf: 0.54 (chloroform/methanol = 10/1) 

25 NMR (300 MHz, CDCb) 

*ppm: 2.20(0.5H,m), 2.30(0.5H.m), 3.0{1H t m). 3.12<1H.m). 3.28(2H.m). 3.5(1H.br). 3.6(1H.br). 3.7- 
(1H,dd.J» 2.14Hz). 3.8-3.9(1 H.br), 4.0-4.1 <1H,m). 4.22(1 H,m), 5.85(1 H.br), 6.2(1 H.br). 6.42(1 H.br). 7.27-7.40- 
(3H.m), 7.50(2H,m), 7.72(1 H.d, J *8Hz). 7.83(1H,m). 7.91(1H.m), 8.55(1 H.U = 4.5Hz) 
IR (KBr, neat) 

30 icm": 3300. 2960. 2870. 1650. 1560, 1470. 1390, 1320. 1220. 1130 



EXAMPLE 3 

35 

(2RS,4S,5S)-5-{L-N-[(2R or S)-3-ethyisulfonyl-2-(2.3-ethylenedioxybenzyl)propionyl]-5- 

hydroxynorvalyl}amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide 

40 M ) 2.3-ethylenedioxyben2aldehyde 

12.04 g of 2.3-dihydroxybenzaldehyde was dissolved in 120 ml of dry DMF. To this solution, 9.0 ml of 
1 .2-dibromoethane. 12.1 g of anhydrous potassium carbonate and 1.1 g of cupric oxide were added. The 
reaction solution was refluxed under heating for three hours on a hot water bath at 135* C. The reaction 

--5 solution was diluted with 700 ml of benzene and then washed with 500 ml of water. The aqueous layer was 
separated and extracted with benzene (500 ml x 2 times). The extracted organic layers were combined to 
the previously separated organic layer, the combined organic layer was dried over anhydrous magnesium 
sulfate. The inorganic salt was removed by filtration, and the reaction solution was concentrated under 
reduced pressure to obtain a brown syrup. This syrup was purified by silica gel column chromatography (n* 

50 hexane* acetone = 5/1). The eluted solution was concentrated under reduced pressure, and the residue was 
recrystallized from n-hexane/ acetone to obtain 7.0 g of the above identified compound as white crystals 
(melting point 63-64* C) (yield: 49%). The mother solution was concentrated and dried to obtain 3.2 g of 
the above identified compound as crude syrup (yield: 22%). 
NMR (300 MHz. COCIa) 

55 5ppm: 4.31 (2H,m), 4.37(2H,m). 6.89(1 H.t.J « 8Hz). 7.08(1 H.dd, J « 1.8Hz), 7.39(1 H.dd.J » 1.8Hz>. 10.35(1 H.s) 



(2) 2.3-ethylenedioxybenzyl alcohol 
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3.15 g of 2.3-ethylenedioxybenzaidehyde was dissolved in 50 ml of ethanol. Then. 1.17 g of sodium 
borohydride was added thereto, and the mixture was stirred at room temperature for one hour. The reaction 
solution was concentrated under reduced pressure and then suspended with an addition of 100 ml of ethyl 
acetate. The suspension was washed with 100 ml of water and then with 100 ml of saturated sodium 
5 chloride aqueous solution. The separated ethyl acetate layer was dried over anhydrous magnesium sulfate. 
The inorganic salt was removed by filtration, and the filtrate was concentrated under reduced pressure and 
then purified by silica gei column chromatography (n-hexane/ethyl acetate * 2'1) to obtain 1.78 g of the 
above identified compound as white solid. 
Rf: 0.2 (n-hexane/ethyl acetate = 2/1) 



(3) 2,3-ethytenedioxybenzyl chloride 

4.3 g of 2,3-ethylenedioxybenzyl alcohol was dissolved in 50 ml of dry dichloromethane. Then, 2.1 ml of 
;s dry pyridine was dropwise added thereto, and 3.8 ml of thionyi chloride was gradually added under cooling. 
The reaction solution was returned to room temperature and then the reaction solution was refluxed for 3 
hours on a hot water bath at 60* C. The reaction solution was concentrated under reduced pressure to 
obtain a syrup, which was then dissolved in 300 ml of ethyl acetate. The solution was washed with 200 ml 
of 0.1 N hydrochloric acid and then twice with 200 ml of a saturated sodium chloride aqueous solution. 
20 Then, the solution was dried over anhydrous magnesium sulfate. The inorganic salt was removed by 
filtration, and the filtrate was concentrated under reduced pressure and purified by silica gel column 
chromatography (n-hexane/ethyl acetate = 60/1) to obtain 4.0 g of the above identified compound as syrup. 
Rf: 0.64 (n-hexane/ethyl acetate = 2/1) 

25 

(4) Diethyl (2,3-ethylenedioxybenzyl)malonate 

Diethyl (2.3-ethylenedioxybenzyl)malonate was obtained from 2.3-ethylenedioxybenzyl chloride and 
diethyl malonate in the same manner as the preparation of diethyl (l-naphthylmethyl)maionate. 
30 NMR (300 MHz. CDCI 3 ) 

6ppm: 1.21{3HXJ = 7Hz), 3.17(2H,d.J = 8Hz) 3.82{2H,d.J*8Hz). 4.15{4H,m), 4.26(4H.m), 6.72(3H,m) 
IR (KBr) 

rcrrr 1 : 2990, 2940. 2880. 1740, 1610, 1480, 1370 

35 

(5) Ethyl (2.3-ethylenedioxybenzyl)malonate 

Ethyl (2,3-ethylenedioxybenzyl)malonate was prepared from the product of (4) in the same manner as in 
the preparation of ethyl (l-naphthylmethyl)malonate. 
40 NMR (300 MHz, CDCI 3 ) 

6ppm: 1.20(3H,t.J = 7Hz), 3^0(2H,m), 3.85(1 H.t.J«7.5Hz). 4.15(2H,m), 4.24(4H,m), 6.72(3H.m) 
IR (KBr) 

^cm"': 2990. 2940. 2880. 1740. 1 610, 1480 

45 

(6) Tert-butyl (2,3-ethylenedioxybenzyl)malonate 

846 ml of ethyl (2,3-ethyienedioxybenzyl)malonate was dissolved in 20 ml of dry dichloromethane. After 
an addition of 0.2 ml of cone, sulfuric acid, isobutene gas was blown into the reaction solution under cooling 

50 at -78* C and collected. After about 20 ml of isobutene was collected, the reactor was sealed. The reactor 
was returned to room temperature and stirred overnight. Then, the reactor was opened, and isobutene was 
removed by evaporation at room temperature under atmospheric pressure. The reaction solution was added 
to a solution mixture comprising 100 ml of a 0.5M sodium carbonate aqueous solution and 150 ml of 
dichloromethane, and the mixture was vigorously stirred. The organic layer was separated, washed with 100 

55 ml of a saturated sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. The 
inorganic salt was removed by filtration, and the filtrate was concentrated under reduced pressure and 
purified by silica gel column chromatography (n-hexane/ethyl acetate = 4/1) to obtain 765 mg (yield: 75%) 
of the above identified compound as colorless transparent syrup. 
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NMR (300 MHz. CDCI 3 ) 

5ppm: 1.23(3H,t,J = 7Hz), 1.39<9H.s). 3.13<2H,d.J»8Hz). 3.74<1H.t.J*8Hz). 4.t5<2H.rn). 4.25(4H,m). 6. 

(3H.m) 
IR (KBr) 

5 ^cm- 1 : 2990, 1730, 1480. 1370, 1310. 1280 



(7) Tert-butyl 2-(2,3-ethylenedioxybenzyl)-3-hydro)(ypropionate 

761 mg of tert-butyl (2.3-ethylenedioxybenzyl)malonate was dissolved in 20 ml of ethanoi. Then. 0.57 g 
of sodium borohydride was added thereto, and the mixture was stirred at room temperature overnight. The 
reaction solution was diluted with 150 ml of ethyl acetate and washed with 1 00 ml of water and then with 
100 ml of a saturated sodium chloride aqueous solution. The organic layer was dried over anhydrous 
magnesium sulfate, then concentrated under reduced pressure and purified by silica gel column chromatog- 
raphy <n-hexane/ethyl acetate = 3/1) to obtain 241 mg (yield: 36%) of the desired product as syrup. 
NMR (300 MHz, CDCh) 

fippm: 1.4K9H.S). 2.39(1 H,t.J = 6.5Hz), 2.88<3H.m), 3.70(2H,m), 4.25(4H,m), 6.73(3H.m) 
IR (KBr) 

*cm-: 3480. 2980. 2930, 2880. 1730, 1610, 1480, 1370 



(8) Tert-butyl 2-(2,3-ethytenedioxybenzyl-3-p-toluenesulfonyloxy propionate 

238 mg of tert-butyl 2-(2.3-ethylenedioxybenzyl)-3-hydroxypropionate was dissolved in 4 ml of dry 
25 pyridine, and 170 mg of p-toluenesulfonyl chloride was added thereto. The mixture was reacted at room 
temperature overnight and then concentrated under reduced pressure. The residue was dissolved in 50 ml 
of ethyl acetate and washed sequentially with 50 ml of a 5% potassium hydrogensulfate aqueous solution, 
with 50 ml of a 4% sodium hydrogencarbonate aqueous solution and with 50 ml of a saturated sodium 
chloride aqueous solution. The organic layer was dried over anhydrous magnesium sulfate, then con- 
30 centrated under reduced pressure and purified by silica gel column chromatography (n-hexane/ethyl acetate 
= 3.-1) to obtain 257 mg of tert-butyl 2-(2,3-ethylenedioxybenzyl)-3-p-toiuenesulfonyloxy propionate as 
colorless transparent syrup. 
NMR (300 MHz, COCb) 

5ppm: 1.32(9H.s), 2.45(3H.S). 2.78(2H,m), 3.02(1H.m), 4.11(2H.m). 4.22(4H.m). 6.55(1 H.dd J =8.1 Hz), 6.68- 
35 (1H.U = 8Hz). 6.74(1 H.dd.J =8.1 Hz). 7.32<2H.d.J = 8Hz). 7.75(2H.d.J = 8Hz) 



(9) Tert-butyl 3-ethylsulfonyl-2-J2.3-ethylenedioxybenzyl)propionate 

40 87 mg of the tosyl compound obtained in the above step (8) was dissolved in 0.5 ml of dry DMF. and a 
suspension comprising 27 mg of sodium hydride. 65 ui of ethylmercaptan and 0.5 ml of dry DMF was 
added thereto. The mixture was stirred at room temperature for one hour, and then 1 ml of water was added 
to the reaction solution. After an addtion of 20 ml of benzene, the reaction solution was washed sequentially 
with water (10 ml x 2 times) and with 10 ml of a saturated sodium chloride aqueous solution. The organic 

45 layer was dried over anhydrous magnesium sulfate and concentrated under reduced pressure to obtain 58 
mg of a syrup. Then, the syrup was dissolved m 2.5 ml of methanol, and 0.25 ml of a 30% hydrogen 
peroxide aqueous solution and 1 4 mg of sodium tungstate dihydrate were added thereto. The mixture was 
stirred vigorously at room temperature for one hour. The reaction solution was diluted with 20 ml of 
benzene and washed with 10 ml of water and then 10 ml of a saturated sodium chlonde aqueous solution. 

so The organic layer was dried over anhydrous magnesium sulfate and then concentrated under reduced 
pressure to obtain 57 mg (yield: 79%) of the syrup of the above identified compound. 
NMR (300 MHz. CDCb) 

5 ppm: 1.33(3H,t,J = 8Hz), 1.37(9H,s). 2.8-3.0(5H,m). 3.39(1H.m). 3.55(1 H.dd J 3 14,1 0Hz), 4.28(4H,m). 6.65- 
fdd.J*8.1Hz). 6.76(1 H.t.J*8Hz) 6.79(1 H.dd.J* 8,1 Hz) 

55 

(10) L-Q-acetyt-N-[3-ethylsulfonyi-2-(2.3-ethy tert-butyl ester 



15 
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Tert-butyl 3-«thyisulfonyl-2-(2,3-6thyfenedioxybenzyl)pfopionato was dissolved in 1.2 ml of a 
dichloromethane/TFA (1/1) solution. The solution was stirred at room temperature for 3 hours and then 
concentrated under reduced pressure. The residue was dissolved in benzene, and the benzene solution was 
concentrated under reduced pressure and azeotropically dried. The syrup thereby obtained was subjected 
to condensation reaction with L-0-acetyl-*-hydroxynorvaline tert-butyl ester by using a OPPA method (18 ul 
of triethylamine, 12 ul of DPPA and 2 ml of dry DMF). and the reaction mixture was purified by silica gel 
column chromatography to obtain 26 mg (yield: 34%) of a diastereomer of a polar component and 36 mg 
(yield: 47%) of a diastereomer of a less-polar component, respectively, as syrups. 



10 

Polar component 



NMR 

5 ppm: 1.32(3H,t.J = 8Hz). 1.45(9H.s). 2.05<3H,s), 2.78(1 
75 (iH.ddJ* 14,10Hz), 4.05<2H,t.J = 7Hz). 4.2-4.4<5H.m). 
(1 H.U = 8Hz), 6.77(1 H.ddJ * 8.1 Hz) 
IR (KBr) 

*cm-': 3370. 2980, 2940, 1740, 1680, 1540. 1480. 1460, 



H,dd.J = 14.9Hz), 2.85-3.0(4H,m). 3.26(1 Km), 3.67- 
629(1 H.d.J* 8Hz), 6.6(1 H.dd.J = 8,1 Hz). 6.72- 

1400. 1370 



20 

Less-polar component 



Sppm: 1.32(3H,t.J = 8Hz), 1.45(9H,s), 2.05(3H,s), 2.8-3.0(5H,m), 3.30(1H.m), 3.67(1 Kdd.J * 14.10Hz). 3.93- 
25 (2H.t.J = 6.5Hz). 4.25-4.4<5H,m), 6.26(1 H,d.J*8Hz). 6.62(1 H,dd.J = 8,1 Hz), 6.73(1 H.t,J = 8Hz),. 6.78- 
(lH,dd,J = 8.1Hz) 
iR (KBr) 

.cm- 1 : 3360. 2980. 2940, 1740, 1680. 1540, 1480. 1460. 1400. 1370 

30 

(2RS.4S.5S)-5-{L-N-[(2R or S)-3-ethylsulfonyl-2-(2.3-ethylenedioxybenzyl)propionyl-^ 
?iydroxynoT valyl}amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide 

34 mg of the less-polar component obtained in the above step (10) was subjected to ester-removal in a 
35 solution mixture of dichloromethane/TFA in a usual method and then condensed with 24 mg of (2RS.4S.5S)- 
5-amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide by a OPPA method. The product was 
purified by column chromatography to obtain 50 mg of a condensed product, which was dissolved in 1.5 ml 
of ethanol/water (10/1). and 0.8 ml of a 2N potassium hydroxide solution (ethanol/water = 10/1) was added 
for deacetylation. One hour later, the reaction solution was neutralized and extracted with ethyl acetate. The 
40 extract was washed with a saturated sodium chloride aqueous solution and purified by silica gel column 
chromatography and dried to obtain 23 mg of the above identified compound as white solid. 
Rf: 0.33 (chloroform/methanol - 10/1) 



45 (12 ) (2RS,4S,5S)-5-{L-N-((2S or R)-3-ethylsulfonyl-2-(2.3-ethylenedioxybenzyl)propionyl-6- 
nydroxynorvaiyl}amino-2-ethyl-4'hydroxy-7-methyioctanoic acid isobutylamide 

24 mg of the polar component obtained in the above step (10) was treated in the same manner as in 
step (11) to obtain 10 mg of the above identified compound as a stereoisomer of the compound obtained in 

so step (11). 

Rf: 0.33 (chloroform/methanol = 10/1) 



EXAMPLE 4 

55 

(2S,4S.5S)-5-{L-N-((2R or S)-3^l-methyltetrazol-5-yl)sulfonyl-2-(1-naphthylmethyl)propionyl]- 

norleucyl}amino-2-ethyl-4*hydroxy-7'methyloctanoic acid isobutylamide 



47 



EP 0 309 766 A2 



(a) 40 mg of L-N-[(2R or S)-2^1-naphthyfmethyl)-^^ tert-butyl 
ester obtained in Example 1-(S) was dissolved in 0.5 ml of dry DMF. Then. 20 mg of i-methyl-5- 
mercaptotetrazol sodium was added thereto, and the mixture was reacted at room temperature overnight. 
The reaction solution was diluted with 15 ml of ethyl acetate and washed with water (10 ml) and a saturated 

s sodium chloride aqueous solution (10 ml x 2 times). The organic layer was separated, dried over anhydrous 
sodium sulfate and then concentrated under reduced pressure to 36 mg of L*N-[(2R or S)-3-d- 
rnethyltetrazol-5-yl)thio-2-{1-naphthylmethyl)propionyl]norleucine tert-butyl ester as syrup. 

Rf: 0.79 (n-hexane/ethyl acetate * 1/1) 

(b) 36 mg of L-N-[(2R or Sh3-(1-methyltetrazol-5-yl)thio-2-(l-naphthylmethyl)propionyl]norleucine tert- 
iq butyl ester was dissolved in 12 ml of methanol. Then, 0.3 ml of a 30% hydrogen peroxide aqueous solution 

and 20 mg of sodium tungstate dihydrate were added thereto. The reaction solution was stirred at room 
temperature for two hours. Then, the reaction solution was diluted with 15 ml of ethyl acetate and then 
washed sequentially with 10 ml of water and with 10 ml of a saturated sodium chloride aqueous solution. 
The organic layer was separated and dried over anhydrous magnesium sulfate. The inorganic salt was 
rs removed by filtration, and the filtrate was concentrated under reduced pressure to obtain 34 mg of L-N-{(2R 
or S)-3-(1-methyltetrazol-5-yl)sulfonyl-2-(l-naphthylmethyl)propionyl]norleucine tert-butyl ester as syrup. 
Rf: 0.70 (n-hexane/ethyl acetate * 1/1) 
NMR (300 MHz, CDCl 3 ) 

5ppm: 0.85<3H,tJ-7Hz) t 1.02-1.40(13H,m). 1.55(1 Km). 1.70<1H.m), 3.35(1 H.m). 3.45(2H.m), 374- 
20 (1H,dd.J*3,15Hz). 4.17(1H,m), 4.24(3H,s). 4.33(1 H.dd. J =8,1 5Hz). 5.81 (1 H.d.J » 8Hz), 7.30(1 H.d.J = 8Hz). 
7.38(1 H.t, J *8Hz). 7.55(2H,m). 7.76(1 H,d, J -8Hz), 7.87(1 H.d.J = 8Hz), 8.01(1H,dJ *8Hz) 
IR (KBr, neat) 

rem*-: 3350. 2970, 2940. 2870, 1740, 1670. 1530. 1460. 1400, 1370. 1350. 1250. 1220. 1140 

(c) 32 mg of L-N-[(2R or S)-3-(1-methyttetrazol-5-yl)sutfony^ 

25 tert-butyl ester was dissolved in 0.7 ml of dichloromethane. Then, 0.5 ml of TFA was added thereto, and the 
mixture was reacted at room temperature for one hour. Then, the reaction solution was concentrated under 
reduced pressure. The syrup thereby obtained was sequentially dissolved in benzene and benzene/n- 
hexane and then subjected to azeotropic concentration under reduced pressure to obtain a slightly yellow 
powder. L-N-[(2R or S)-3-(1-methyJtetrazol-5-yl)suifonyl-2-(1-naphthylmethyl)propionyl]norleucine thus ob- 

30 tained was throughly dried under reduced pressure and then dissolved in 0.5 ml of dry DMF. Then, 21 at of 
triethylamine and 17 u.1 of DPPA were sequentially added thereto at -20* C. and the mixture was stirred. 
Five minutes later, a solution mixture comprising 22 mg of (2RS.4S.5Sh5-amino-2-ethyl-4-hydorxy-7- 
methyloctanoic acid isobutylamide hydrochlonde, 22 ul of triethylamine and 8.5 ml of dry DMF, was added 
to the reaction solution, and the mixture was stirred at -20* C for one hour and at 5*C overnight. The 

35 reaction solution thereby obtained was diluted with 20 ml of ethyl acetate and washed sequentially with 10 
ml of a 2% sodium hydrogencarbonate aqueous solution and with 10 ml of a saturated sodium chloride 
aqueous solution. The ethyl acetate layer was separated and dried over anhydrous sodium sulfate. Then, 
the inorganic salt was removed by filtration, and the filtrate was concentrated under reduced pressure. The 
residue thereby obtained was purified by silica gel column chromatography (chloroform/methanol = 10'1). 

40 The eluted fractions containing the desired product were collected and concentrated. The residue was 
reprecipitated in an ethyl ether/pentane solution to obtain 33 mg of (2S.4S.5S)-5-{L-N-[(2R or S)-3-(l- 
methyltetrazol-5-yl)sulfonyl-2^l-naphthylmethyl)propionyl]norleucil}amino-2-ethyl-4-hydroxy-7- 

methyloctanoic acid isobutylamide as white solid. 
Rf: 0.64, 0.59 (chloroform/methanol = 10/1) 
45 NMR (300 MHz, CDCIs) 

ippm: 2.18(0.5H.m). 2.29(0.5H,m). 3.03(1 Km). 4.20(3H.s), 4.28(1 H.m). 5.79(0.5H.br t). 5,83(0.5H.br t). 5.98- 
f0.5H.d.J = 8Hz), 6.02(0.5H.d.J*8Hz). 6.15(0.5H.dJ-8Hz). 6.22(0.5H.d,J »8Hz), 7.31(1 H.d.J = 8Hz), 7.38- 
(1HXJ = 8Hz). 7.55(2H.m), 7.78(1 H, d, J = 8Hz). 7.87(1 H.d.J = 8Hz). 799(1 H.d.J = 8Hz) 
IR (KBr) 

50 vCTT\~': 3320. 2960. 1650. 1550. 1470. 1340. 1140 



EXAMPLE 5 

55 

(2RS,4S,5S)-5-{L-N-((2S)-3-(1.3.4-ttt^ 
4-hydroxy-7-methyloctanoic acid isobutylamide 



48 



10 



EP 0 309 766 A2 

(1) L-N-{(2S)-3-{l,3,4-thiadiazol-2-yl^ tert-butyl estgr 

37 mg of L-N-{(2RHl*naphthytmethyl)-3-p-toluenosulfonyloxypropionyl}norleucine tert-butyl ester was 
dissolved in 0.5 ml of dry OMR Then, a solution comprising 21 mg of sodium hydride. 85 mg of 2- 
mercapto-l.3.4-thiadiazol and 0.8 ml of dry DMF was prepared and added to the above solution. The 
mixture was reacted at room temperature overnight Then, the reaction solution was diluted with 20 ml of 
ethyl acetate and washed sequentially with 20 ml of water and with 10 ml of a saturated sodium chloride 
aqueous solution. The organic layer was separated, dried over anhydrous sodium sulfate and then 
concentrated under reduced pressure. The residue was purified by silica gel column chromatography (n- 
hexane/ethyi acetate = 2/1) to obtain 42 mg of the above identified compound as syrup. 
NMR (300 MHz, CDCI 3 ) 

5 ppm: 0.84<3H.t.J = 8.5Hz), 1.1-1.4{4H,m) 1 .4-1 .8(2H,m), 3.24(1 H,m). 3.4-3.5(2H.m), 3.69(2H,m), 7.34- 
(2H,d.J * 7Hz). 7.46(2H.dt,J = 7,1 Hz), 7.53(2H.dt,J = 7,1 Hz). 7.70(1 H,m). 7.82(1 H.dd J = 8.1 Hz). 8.07- 
(lH,ddj = 8.1Hz), 9.01 (1H,s) 

(2) (2RS, 4S,5S)-5-{L-N-[(2S)-3-(1,3^ 
ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide 

20 40 mg of L-N-{(2S)-3-(1,3.4-thiadiazol-2-yl)thio(1-naphthylmethyl)propionyl}norieucine tert-butyl ester 
obtained in step (1) was deprotected in a solution mixture comprising 0.5 ml of dichioromethane and 0.5 ml 
of TFA. The reaction mixture was concentrated under reduced pressure, and the product was adsorbed on 
a resin of OEAE TOYO Pearl 650 mesh (OH") by a methanol/water (10/1) solution and then eluted with a 
0.2N acetic acid solution (methanol/water » 10/1). The eluted fractions containing the desired product were 

25 collected and concentrated under reduced pressure. The residual syrup was dissolved in 10 ml of ethyl 
acetate and then washed with a saturated sodium chloride aqueous solution (8 ml x 2 times). The organic 
layer was separated, dried over anhydrous sodium sulfate and concentrated under reduced pressure to 
obtain 22 mg of solid L-N-[(2S)-3-<1,3,4-thiadiazol^ Tnis * 

condensed with (2RS,4S,5S)-5-amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide by a usual 

30 DPPA method. The product was purified by silica gel column chromatography (chioroform/methanol = 
40/1 ) to obtain 21 mg of the above identified compound. 
Rf: 0.15 (chioroform/methanol = 30/1) 



15 



35 EXAMPLE 6 



(2RS,4S,5S)-5-(L-N-[(2Sh3-(pyrimidin-2-yl)thio-2^ 
hydroxy-7-methyioctanoic acid isobutylamide 

40 " 

22 mg of L-N-{(2S)-3-(pyrimidin-2-yl)thio-2-(l-naphthyimethyl)propionyl}norleucine tert-butyl ester was 
dissolved in 1 ml of a dichloromethane/TFA (1/1) solution. Three hours later, the solution was concentrated 
under reduced pressure and then azeotropically concentrated with a benzene solution and evaporated to 
dryness. The product is condensed by a DPPA method (triethylamine 18 ul DPPA 12 til. (2RS.4S.5S)-5- 
45 amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide 18 mg. dry DMF 2 ml). The product .was 
subjected to work up by a usual method and purified by silica gel column chromatography 
(chioroform/methanol = 40/1 > to obtain 24 mg of the above identified compound as slightly yellow solid. 
Rf : 0.33 (chioroform/methanol = 30/1 ) 



EXAMPLE 7 



(2RS,4S,5S)-5-{L-N-[(2S)-3-(pyrimidin-2-yl)su^ 
55 hydroxy-7-methyloctanoic acid isobutylamide 

(1) L-N-{(2S)-3-(pyrimidin-2-yl)sulfinyl-2-(1-naphthylmethyl)propionyl}norleucine tert-butyl ester 
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29 mg of L-N-{(2S)-3-(pyrimidin-2-yl)thi^ tert-butyl ester was 

dissolved in a solution mixture comprising 1 ml of methanol and 0.1 ml of a 30% hydrogen peroxide 
- aqueous solution. Then. 2 mg of sodium tungstate dihydrate was added thereto, and the mixture was stirred 

at room temperature for 3 hours. The reaction solution was diluted with 20 ml of ethyl acetate and washed 
s with 10 ml of water and then with 10 ml of a saturated sodium chloride aqueous solution. The ethyl acetate 

layer was separated, dried over anhydrous sodium sulfate and then concentrated under reduced pressure. 

The residue was purified by silica gel column chromatography (n-hexane'ethyl acetate » 1/1-1/2) to obtain 

8 mg of the above identified compound i.e. a sulfinyl compound in addition to 12 mg of sulfone compound. 

Rf: 0.14 (n-hexane/ethyl acetate * 1/1) 
70 NMR spectrum (300 MHz, CDCI 3 ) 

Sppm: 0.83(1 H,t.J»7.5Hz), 0.89(2H,t, J - 7.5Hz) 



( 2) (2RS,4S.5S)-5-{L-N-[(2S)-3-(pyri 
r5 ethyl-4-hydroxy-7-methytoctanoic acid isobutylamide 

8 mg of the compound obtained in step (1) was dissolved in 0.2 ml of dichloromethane. and 0.35 ml of 
TFA was added thereto. After 1.5 hours at room temperature, the mixture was concentrated under reduced 
pressure. The residue was dissolved in benzene/pentane solution and concentrated under reduced pressure 

20 to dryness. The residue was dissolved in 0.5 ml of dry DMF and cooled to -15* C. and then 5 ul of 
triethylamine. 6 ul of DPPA and a solution in dry DMF (0.3 ml) of 7 mg of (2RS.4S.5SV5-amino-2-ethyl-4- 
hydroxy-7-methyloctanoic acid isobutylamide and 4 ul of triethylamine, were sequentially added. The 
mixture was stirred at -15* C for one hour and then at 5* C overnight. Then, the mixture was diluted with 20 
ml of ethyl acetate and washed sequentially with 10 ml of a 4% sodium hydrogen carbonate aqueous 

25 solution with 10 ml of a saturated sodium chloride aqueous solution. The organic layer was separated, dried 
over anhydrous sodium sulfate and then concentrated under reduced pressure. The residue was purified by 
silica gel column chromatography (chloroform/methanol « 30/1) to obtain 7.1 mg of the above identified 
compound. 

Rf: 0.13. 0.17 (chloroform/methanol s 30/1) 
30 NMR (300 MHz, CDCI3) 

5ppm: 0.8-1. 0<18H.m), 1 .0-2.0(1 4H.m), 2.25(1H.m), 3.8-4.3(11H) 



EXAMPLE 8 

35 

(2R or S,4S.5S)-5-{L-N-[(2R or S)-3-ethylsulfonyl-2-(1'naphthylm9thyl)propionyl]nofleucyi}amino-2'ethyl-4- 
hydroxy-7-methyioctanoic ac'id2-morpholinoethyiamide 

jo 41.1 mg of L-N-(3-ethylsulfonyl-2-naphthylmethytpropionyl)norleucine was dissolved in 0.25 ml of dry 
DMF. Then, 52 ul of triethylamine, 26 ul of DPPA and 0.5 ml of a solution in dry DMF of 49 mg of 
(2RS.4S,5S)-5-amino-2-ethyl-4-hydroxyoctanoic acid 2-morpholinoethylamide dihydrochloride were added 
thereto under stirring at -15* C. The mixture was stirred at room temperature overnight. Then. 20 ml of ethyl 
acetate was added to the reaction solution, and the mixture was washed with water and a saturated sodium 

js chloride aqueous solution. The organic layer was separated and dried over anhydrous magnesium sulfate. 
Then, the solvent was distilled off under reduced pressure, and the residue was purified by silica gei 
column chromatography (chloroform/methanol = 30*1) to obtain 20.2 mg of the above identified compound 
as white powder. 

Rf: 0.10 (chloroform/methanol * 30/1) 
50 Mass spectrum m/z 731 (M * + 1 ) 
NMR (300 MHz. CDCb) 

Sppm: 0.83-1 .02(1 2H.m), 1.19-1.94<14H.m), 2.18-2.59(7H.m), 2.72-2.90(2H.m), 3.00(1 H.d.J = 14Hz). 3.25- 
3.92(12H,m), 4.21 (1H,ddd.J = 4.7.13Hz). 6.05-6.20(2H.m) 6.28-6.35(1 H.m>. 7.32-7.46(2H,m). 7.49-7.64<2M.m). 
7.78(1 H,d J = 8Hz). 7.88(1 H. d. J = 8Hz). 8.03(1 H.dJ = 8Hz) 

55 

EXAMPLE 9 
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(2RS.4S.5Sh5«{USH(2S)-3*th^^ 
methyloctanoic acid isobutylamide 



s (1) Ethyl 2-diethylphosphono-3-(4-quinolyl)propionate 

1.2 g of sodium hydride was suspended in 30 ml of dry DMF, and 5.9 ml of ethyl diethyl- 
phosphonoacetate was dropwise added thereto under cooling with ice. The mixture was stirred at room 
temperature for one hour, and 12 ml of a solution in dry DMF of 5.31 g of (4-chloromethyl)quinoline was 

w added under cooling with ice. Ten minutes later, the reaction solution was returned to room temperature 
and stirred overnight. Then, the reaction solution was acidified by an addition of 200 ml of 0.5N hydrochloric 
acid and washed with 200 ml of ethyl acetate. The aqueous layer was separated and made basic by an 
addition of about 20 g of sodium hydrogen carbonate. The product was extracted with 300 ml of ethyl 
acetate. The ethyl acetate layer was washed with 200 ml of a saturated sodium chloride aqueous solution. 

75 dried over anhydrous sodium sulfate and concentrated under reduced pressure. The residue was purified 
by silica gel column chromatography (ethyl acetate) and dried under reduced pressure to obtain 6.41 g 
(yield: 59%) of the above identified compound as yellow syrup. 
NMR (300 MHz, CDCI 3 ) 

5ppm: 1.130H.U- 7.0Hz), 1.38(3H.t,J = 7.1Hz), 1 .40(3H.t,J = 7.2Hz), 3.40(ddd.J = 23.0.l0.9.3.6Hz), 3.65- 
20 (lH,m), 3.76(1H.m), 4.10(2H,m). 4.24(4H,m), 7.27(1 H.d J = 4.9Hz), 7.61 (ddd, J =8.5,7.0. 1.6Hz). 7.73- 
(ddd.J = 8.3,6.9,1.5), 8.07(1 H,dd, J = 8.6.1.0), 8.12(1H,dd,J = 8.6.1.0Hz), 8.80(1 H.d. J = 4.4Hz) 



(2) Ethyl 2-(4-quinoiylmethyl)acrylate 

25 

140 mg of anhydrous lithium chloride was dissolved in 7 mi of dry THF, and 3 ml of a THF solution of 
1 .04 g of ethyl 2-diethylphosphono-3-(4-quinoly1)propionate was added thereto. Then, 1 .7 ml of DBU/THF 
(12/25) was added, and then a 3 ml of a THF solution of 0.14 g of paraformaldehyde was added thereto. 
The mixture was stirred at room temperature for one hour, and then the insoluble materials were removed 

30 by filtration. The product collected by filtration was washed with a small amount of benzene, and the 
washed solution was combined with the filtrate. The combined filtrate was diluted with 60 ml of ethyl acetate 
and washed with 40 ml of water and then with 40 ml of a saturated sodium chloride aqueous solution. The 
organic layer was separated, dried over anhydrous sodium sulfate, concentrated and then purified by silica 
gel column chromatography (n-hexane/ethyl acetate = 3/1) to obtain 601 mg of the above identified 

35 compound as syrup. 
NMR (300 MHz, CDCIa) 

5ppm: 1.29(3H.t.J = 7.2Hz). 4.11(2H,s), 4.24(2H,q,J = 7.1 Hz), 5.32(1 H.s). 6.32(1 H.s). 7.24(1 H.d.J =4.3Hz), 
7.55(1 H,ddd,J = 8.3.6.8,1 .5Hz). 7.71 (1 H.ddd.J = 8.3.6.8.1 .5Hz) 7.97(1 H.dd.J » 8.7,1 .6Hz), 8.1 3- 
(1 H.dd.J = 7.9.0.7Hz), 8.84(1 H.d.J = 4.3Hz) 

40 

(3) 3-Ethylthio-2-(4-quinolylmethyl)propionic acid 

597 mg of ethyl 2-(4-quinolytmethyl)acrylate was dissolved in 3 ml of ethylmercaptan. Then, 50 mg of 
45 potassium tert-butoxide was added thereto, and the mixture was stirred at room temperature for two hours. 
Then, the reaction solution was diluted with 60 ml of ethyl acetate and washed with 40 ml of water and then 
with 40 ml of a saturated sodium chloride aqueous solution. The organic layer was separated, dried over 
anhydrous magnesium sulfate and then concentrated under reduced pressure. The residual syrup was 
purified by silica gel column chromatography (n-hexane/ethyl acetate = 5/2) and dried to obtain 640 mg 
so (yield: 85%) of the desired product as syrup. 
Rf: 0.47 (n-hexane/ethyl acetate = 1/1) 
NMR (300 MHz. CDCIa) 

6ppm: 1.10(3H.U = 7.3Hz), 1.25(3H,t,J = 7.3Hz). 2.56(2H,q,J = 7.5Hz), 2.74(1 H.dd.J = 1 3.0,7.0Hz), 2.91- 
(1H,dd.J = 13.2.7.2Hz). 3.04(1H t m). 3.39(1 H.ddJ « 13.9,8.5Hz), 3.51 (1 H.dd.J = 13.9,5.9Hz). 4.04(2H.m), 7.26- 
55 (lH.d.J= 4.4Hz), 7.59(1 .SH.ddd.J = 8.4,6.9Hz). 7.72(ddd,J = 8.3.6.9,1 .4Hz), 8.09(1 H.dd.J =8.7,1. 4Hz). 8.12- 
(1 H.dd.J = 9.7,0.9Hz). 8.80(1 H.d.J » 4.4Hz) 

Then, this product was saponified by using 12 ml of a IN potassium hydroxide in ethanol/water (10/1). 
The reaction mixture was left at room temperature for 3 hours and then concentrated at room temperature 
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to a volume of from 2 to 3 ml. The mixture was diluted with 35 ml of water and washed with 40 ml of ethyl 
ether. The aqueous layer was separated and neutralized by an addition of about 10 ml of 1N hydrochloric 
acid, and then 5 g of sodium chloride was added thereto. The aqueous layer was extracted four times with 
40 m! of ethyl acetate/ethanol (10/1), and the extract was dried over anhydrous magnesium sulfate. The 
s inorganic salt was removed by filtration, and the filtrate was concentrated under reduced pressure to obtain 
502 mg (yield: 54%) of the above identified compound as white crystals. 
Melting point 168-170* C 



io (4) L-N-[(2R or S)-3-ethylthiO'2-(4-quinolylmethyl)propionyl]norleucine tert-butyl ester 

255 mg of 3-ethylthio-2-(4-quinolylmethyl)-propionic acid was subjected to a condensation reaction with 
0.19 ml (1.5 eq) of triethylamine, 0.26 ml (1.3 eq) of OPPA and 248 mg of L-norieucine tert-butyl ester in 4 
ml of dry DMF. The product was subjected to a usual after treatment and the purified by silica gel column 
rs chromatography (n-hexanaethyl acetate = 2/1) to obtain 189 mg (yield: 48%) of a diastereomer (polar 
component) and 188 mg (yield: 46%) of a diastereomer (less-polar component), respectively, as syrups. 
NMR (300 MHz, CDCI 3 ) 
Polar component 

5ppS: 2.54(2H.m), 2.72(2H.m). 2.93(1H,ddJ = 14.2.9.5Hz). 3.41(2H.m). 4.34<1H.m). 5.89(1 H.dJ* 7. 5Hz) 
20 Less-polar component 

Spprnl — 2.59<2H,q.J* 7.0Hz), 2.71 (1 H.m). 2.79(1 H.dd J = 13.1 .7.2), 2.97(1 H.dd.J * 1 2.8.6.9Hz). 3.33- 
(1 H.ddJ = 13.2.9.8Hz). 3.55(1 H.ddJ = 1 3.6.4.3Hz), 4.34(1 H.m). 5.74(1 H.dJ = 7.5Hz) 

25 (5) (2RS,4S,5S)-5-{L-N-[(2S)-3-ethylsuifon^ 
hydroxy-7-methyloctanoic acid isobutylamide 

86 mg of L-N-{(2S>-3-ethylthio 2-(4-quinolylmethyl)propionyl]norieucine obtained as the polar compo- 
nent in step (4) was oxidized with a hydrogen peroxide aqueous solution/sodium tungstate in a usual 
30 manner to obtain 88 mg of L-N-[(2S)-3-ethylsulphonyl-2-(4-quinolylmethyl)propionyl]norleucine tert-butyl 
ester. This was deprotected with a dichloromethaneTfA solution in a usual manner and condensed with 
(2SR.4S.5S)-5-amino-2-ethyMHiydroxy-7Tnethyloctanoic acid isobutylamide by a usual OPPA method to 
obtain 39 mg of the above identified compound. 
Rf: 0.48 (chloroform/ methanol * 10/1) 



EXAMPLE 10 

40 (2RS,4S.5S)-5-{L-N-[(2S)-3-ethylsulfony 
methyloctanoic acid isobutylamide 

(1) 3-ethytthio-2-{8-quinolylmethyl)propionic acid 

45 

In the same manner as in Example 9 (1) to (3), the above identified compound was obtained from ethyl 
2-diethylphosphono-3-(8-quinolyl)propionate by the Horner-Emmons reaction with formalin, followed by the 
Michael addition reaction with ethylmercaptane and the saponification by means of potassium hydroxide. 
Melting point 143-1 45 *C 
50 NMR (300 MHz. CDCb) 

appm: 1.16(3H.tJ*7.5Hz). 2.41(2H.m). 2.83(1 H.ddJ * 9.1 Hz). 2.96(1H.m), 3.15(1 H.dd.J = 54.12.4Hz). 3.22- 
(1 H.ddJ = 4.7.1 4.9Hz), 3.87(1 H.ddJ =4.2.1 4.6Hz). 7.59(2H.m). 7.83(2H.m), 8.38(1 H.ddJ » 11 .8.5Hz). 8.92- 
(1 H.ddJ = 1.7.4.7Hz) 

55 

(2) ' N-[3-ethylsulfonyl*2-(8-quinolylmethyl)propionylnorleucine tert-butyl ester 

114 mg of 3-ethylthio-2-(8-quinolylmethyl)propionic acid obtained in step (1) was condensed with 



52 



EP 0 309 766 A2 



norleucine tert-butyt ester by a usual DPPA method. The product was purified by sihca gel column 
chromatography to obtain 149 mg of a condensed product (yield: 81%). Then, it was subjected to oxidation 
with a hydrogen peroxide aqueous solution/sodium tungstate in a usual manner, and the product was 
separated and purified by silica gel column chromatography (rvhexane/ethyl acetate = 1/1) to obtain 79 mg 
5 (yield: 50%) of a polar diastereoisomer and 68 mg (yield: 43%) of a less-polar diastereoisomer. respec- 
tively, as syrups. 
NMR 

Less-polar component 

5ppm: 2.83-3.03(3H,m) . 3.22(1 H.dd.J* 7.3.13.0H2). 3.60(1 H.m). 3.71 (1H.m), 3.87(1 H.dd.J* 9.7.1 4.5Hz), 4.32- 
iq (1H,m) 

Polar component 

r^ m: 2.8-3.0(3 H,m), 3.08(1 H.dd J » 8.7,1 3.2Hz). 3.53(1H.br), 3.88(ddJ s 1 0.2.1 4.7Hz), 3.91(1 H,m), 4.42- 
(1H.m) 



75 



(3) (2RS,4S ,5S)-5-{L-N^(2S)-3-ethylsutfony 
hydroxy-7-methyloctanoic acid isobutyiamide 

19 mg of the polar diastereoisomer obtained in step (2) was dissolved in 0.5 ml of dichloromethane and 
20 0.7 ml of TFA, and the solution was reacted at room temperature for 5 hours. Then, the reaction mixture 
was concentrated under reduced pressure. The residue thereby obtained was dissolved in dichloromethane, 
benzene and n-pentane and concentrated under reduced pressure and azeotropically dried to obtain 21 mg 
of a solid. This product was condensed with (2RS,4S.5S)-5-amino-2-ethyl-4^ydroxy-7-methyloctanoic acid 
isobutyiamide by a usual OPPA method. The product was purified by silica gel column chromatography 
25 (chlorofornVmethanol = 30/1) to obtain 10 mg of the above identified compound as solid. ■ , 
Rf: 0.54 (chloroform/methanol = 10/1) 

(4) (2RS.4S,5S)-5-{L-N-[(2R)-3-emylsulfon^ 
30 frydroxy-7-methyloctanoic acid isobutyiamide 

21 mg of the less-polar diastereoisomer obtained in step (2) was treated in the same manner as in step 
(3), and after the tert-butyl' group was deprotected. subjected to the condensation reaction by a DPPA 
method. The product was purified by silica gel column chromatography to obtain 15 mg of the above 
35 identified compound as white solid, which is the stereo isomer of the compound obtained in step (3). 
Rf:0.49 (chloroform/methanol « 10/1) 



EXAMPLE 11 

40 

(2RS,4 S,5S>5-{L-N a -[2(S)-3-ethylsutfony^^ 
methyloctanoic acid isobutyiamide 

(1 ) L-N a -tert-butoxycarbonyl-N ifn -triphenylmethylhistidine methyl ester 

1.43 g of L-N a -tert-butoxycarbonylhistidine methyl ester was dissolved in 1 5 ml of dry dichloromethane. 
Then. 1.8 g of triphenylmethyl chloride was added thereto, and 0.18 ml of triethylamine was further added 

so thereto. The mixture was stirred at room temperature for 30 minutes, and the reaction solution was diluted 
with 150 ml of chloroform. The reaction solution was washed with 100 ml of water and then dried over 
anhydrous sodium sulfate. The inorganic salt was removed by filtration, and the filtrate was concentrated 
under reduced pressure and prurified by silica gel column chromatography (chloroform/methanol = 30/1) to 
obtain 2.6 g (yield: 89%) of the above identified compound as white solid. 

55 Rf:0.31 (chloroform/methanol ■ 30/1) 



(2) L-N im -triphenylmethylhistidine methyl ester 
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1.2 g of L-N a -tert-butoxycarbonyl-N im -triph8nyinriethylhistidine methyl ester was dissolved in 4 ml of 
dichloromethane. Then, 4 ml of TFA was added thereto, and the mixture was left to stand at room 
temperature for 15 minutes and then immediately diluted by an addition of 50 ml of benzene. The mixture 
was quickly concentrated under reduced pressure. The residue was concentrated under reduced pressure 

s in the benzene/hexane solution and was azeotropically removed excess TFA. The residue was dissolved in 
100 ml of ethyl acetate and washed sequentially with 100 ml of a 4% sodium hydrogen carbonate aqueous 
solution and with 100 ml of a saturated sodium chloride aqueous solution. The organic layer was dried over 
anhydrous sodium sulfate. The reaction solution was concentrated under reduced pressure, and the residue 
was purified by silica gel column chromatography (chloroform/methanol/conc. aqueous ammonia = 

io 400/15/0.4). The eluted fractions containing the desired product were collected and dried over anhydrous 
magnesium sulfate. The inorganic salt was removed by filtration, and the filtrate was concentrated under 
reduced pressure to obtain 474 mg (yield: 49%) of the desired product as white solid. 
Rf: 0.59 (chloroform/methanol/conc. aqueous ammonia = 10/0.5/0.2) 
NMR (300 MHz, CDCI 3 ) 

rs 5ppm- 2.87(1 H,dd J = 14,7H2). 2.99(1 H,dd.J = 14,6Hz), 6.59(1H,s). 7.12(6H,m). 7.33(9H,m). 7.37(1H.s) 



(3) L-N a -[3^thylthio-2'(8^uinolylmethyl)propionyl]-N' m 'triphenylmethylhistidine methyl ester 

20 69 mg of 3-ethyithio-2-(8-quinolylmethyl)propionic acid obtained in Example 10 (1) and 113 mg of L- 
N im -tirphenylmethylhistidine methyl ester obtained in step (2) of this Example were condensed by a DPPA 
method (52 ul of triethylamine. 65 ul of DPPA and 2.6 ml of dry OMR. The product was purified by silica 
gel column chromatography (benzene/ methanol * 25/1) to obtain 64 mg of hygroscopic solid as a mixture 
of diastereomers. 

25 NMR (300 MHz. CDCI3) 

5ppm: 1.08(3H.tx2,J = 7.5Hz), 3.58,3.66(3H,sx2) 



(4) L-N a -[2(R or S)»3-ethylsulfonyl-2-(8-quinolylmethyl)propionyll-N ,w -tripheny«methylhistidine 

30 

81 mg of L*N a -[3-ethylthio-2-(8-quinolylmethyl)propionyl}-N im -triphenylmethylhistidine methyl ester ob- 
tained in the proceeding step was dissolved in 1 ml of methanol. Then, 1 ml of a 2N potassium hydroxide 
solution (methanol/water = 10/1) was added thereto, and the mixture was stirred at room temperature for 
1.5 hours. Then, the reaction solution was neutralized with 1N hydrochloric acid under cooling with ice. The 

35 reaction solution was diluted with 10 ml of a saturated sodium chloride aqueous solution and extracted with 
ethyl acetate (20 ml x 2 times), and the extract was concentrated under reduced pressure. The residue was 
dissolved in 2.2 ml of methanol/30% hydrogen peroxide aqueous solution (10/1). Then, 4 mg of sodium 
tungstate dihydrate was added thereto, and the mixture was stirred for two hours. The reaction solution was 
diluted with 20 ml of ethyl acetate and washed with 10 ml of a saturated sodium chloride aqueous solution. 

40 The organic layer was dried over anhydrous magnesium sulfate and evaporated under reduced pressure to 
dryness to obtain 53 mg of the above identified compound as yellow solid. 
Rf: 0.28, 0.36 (chloroform/methanol/33% acetic acid = 10/1/0.5) 



45 IS) (2SR,4S.5S)»5»{L-N 0 -(2(R or S)*3»ethylsulfonyl-2-(8-quinolylmethyl)propionyl]histidyl}amino*2-ethyl-4- 
hydroxy-7-methyloctanoic acid isobutylamide 

53 mg of L-N a -[2(R or S)-3^thylsulfonyl-2-(8-quinolylmethyl)propionyipN ,m -triphenylmethylhistidine ob- 
tained by the proceeding step was condensed with 30 mg of (2SR.4S.5S)-5-amino-2-ethyi-4-hydroxy-7- 

so methyloctanoic acid isobutylamide by a DPPA method (20 ul of triethylamine and 0.8 ml of DPPA). The 
product was subjected to work up in a usual manner and purified by silica gel column chromatography to 
obtain 63 mg of yellow solid. This product was dissolved in 1.0 ml of dichloromethane. and 0.5 ml of TFA 
was added to remove the protective group for the trityl group. The product was concentrated and dried 
under reduced pressure, and then stereoisomers of the above identified compound were separated by 

55 means of preparative TLC (Merck Art 5715) to obtain 14.3 mg of a polar component (identified as the titled 
compound) and 9.4 mg of a less-polar component. 
Rf: (benzene methanol * 10/1 ) 
Polar component: 0.16 
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Less-polar component: 0.20 



EXAMPLE 12 

5 

(2RS,4S,5S)-5-{L-N-((2R or S)-5-ethylthio-2-(l -naphthylmethyl)pentanoyl1norieucyl}amino-2^thy M^ydroxy- 
7-methyloctanoic acid isobutylamide 

70 

(1) Ethyl 2-diethylphosphono-S-(2-tetrahydropyranyloxy)pentanoate 

0.58 ml of 3-bromo-i-propanol was dissolved in 6 ml of dry dichloromethane, and 1.22 ml of 
dihydropyrane and 10 mg of dry p-toluenesulfonic acid were added thereto. The mixture was stirred at 

fs room temperature overnight The reaction solution was separated with 30 ml of chloroform and 15 ml of a 
4% sodium hydrogencarbonate aqueous solution. The organic layer was washed with water and dried over 
anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure. The residue was 
separated by silica gel column chromatography (chloroform). Then, the fraction containing the product was 
purified by silica gel column chromatography (n-hexane/ethyl acetate * 20/1). The combined fraction 

20 containing the product was subjected to the removal of the solvent under reduced pressure to obtain 1 .44 g 
of 3-bromo-1-(2-tetrahydropyranyloxy)propane as colorless oily substance. 
Rf: 0.33 (n-hexane/ethyl acetate = 10/1) 

215 mg of sodium hydride (50% in oil) was washed three times with n-hexane under argon atmosphere 
to separate the oil. The powder obtained after drying was suspended in 1.5 ml of dry OMF under an argon 

25 stream, and the suspension was cooled to 0'C. Then, to this mixture, 0.9 ml o< ethyl diethyl- 
phosphonoacetate was dropwise added over a period of one hour. The mixture was stirred at room 
temperature for 30 minutes and cooled to 0 # C. Then, 1.23 g of 3-bromo-1-(2-tetrahydropyranyloxy)propane 
was added thereto. The mixture was stirred at room temperature overnight and at 65 C for 8 hours. The 
mixture was poured into 15 ml of water and extracted three times with 20 ml of chloroform. The organic 

30 solvent layer was washed with water and dried over anhydrous magnesium sulfate. The solvent was distilled 
off under reduced pressure. The residue was separated by silica gel column chromatography (n- 
hexane/ethyl acetate = 2/1). The fraction containing the product was again purified by silica gel column 
chromatography to obtain 583 mg of ethyl 2-diethylphosphono-5-{2-tetrahydropyranyloxy)pentanoate as 
colorless oily substance. 

35 Mass spectrum m/z 367(M * + 1 ) 

Rf: 0.33 (n-hexane/ethyl acetate = 1/5) 



(2) Ethyl (2RSHl-"aphthylmethyl)-5-(2-tetrahydropyranyloxy)-2-pentanoate 

40 

(a) 579 mg of lithium chloride was suspended in 20 ml of dry THF under an argon stream, and 5.0 g of 
ethyl 2-diethylphosphono-5-(2-tetrahydropyranyloxy)pentanoate was added under stirring. After stirring the 
mixture for 5 minutes at room temperature. 2.6 g of DBU was added, and the mixture was stirred at room 
temperature for 10 minutes. Then, 1.7 g of o-naphthoaldehyde was added, and the mixture was stirred at 

45 room temperature overnight. Then, the reaction solution was neutralized with 1N hydrochloric acid under 
cooling with ice and extracted with ethyl acetate. The ethyl acetate layer thereby obtained was washed with 
water and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The 
solvent was distilled off under reduced pressure, and the residue was purified by silica gel column 
chromatography (n-hexane/ethyl acetate = 10/1) to obtain 3.37 g of ethyl 3-(1-naphthyl)-2-f><2- 

so tetrahydropyranyloxy)propyl]-2-propenoate as slightly yellow oily substance. 
Rf: 0.15 (n-hexane/ethyl acetate = 10/1) 
NMR (300 MHz, CDCI3) 

5 ppm: 1.20-1.52<8H), 1.65(1H.m). 1.78{2H.m), 2.51 (2H.m), 3.25(1 H t m). 3.33(1 H.m), 3.57-3.74(2H,m) 1 4.27- 
(1H,m), 4.35(2H.q,J = 7Hz), 7.36-7.56<4H), 7.78-7.95(3H). 8.18(1 Us) 
55 (b) 3.37 g of ethyl 3-(l-naphthyl)-2-t3-(2-tetrahydropyranyloxy)propyl>2-propenoate was dissolved in 5 
ml of ethanol and hydrogenated under atmospheric pressure by means of 10% palladium carbon. The 
reaction mixture was subjected to filtration, the solvent ef the filtrate was distilled off under reduced 
pressure to obtain 3.36 g of ethyl (2RS)-2-(1-naphthylmethyl)-5-(2-tetrahydropyranyloxy)pentanoate as oily 
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substance. 

Rf: 0.18 (n-hexane/ethyl acetate » 10/1) 
NMR (300 MHz. CDCl 3 ) 

5ppm: 1.10(3H.t.J = 7.5Hz). 1 .42-1 .91(1 0H) t 2.89(1 H,m), 3.22(1 H.m), 3.29-3.50(3H). 3.64-3.84<2H,m), 4.04- 
5 (2H.qJ = 7.5Hz), 4.52(1 H.m). 7.35(2H.m). 7.50<2H.m). 7.73(1 H.d J = 8Hz). 7.85(1 H.d.J =8Hz). 8.03- 
(1H,d.J = 8Hz) 



(3) (2RS)-5-ethylthio-2-(l-naphthylmethyl)pentanotc acid 

10 

(a) 3.36 g of ethyl (2RS)-2-(1-naphthylmethyl)-5-{2-tetrahydropyrany!oxy)pentanoate was dissolved in 19 
mi of methanol. Then. 3 ml of 1N hydrochloric acid was added, and the mixture was stirred at room 
temperature for two hours. The reaction solution was neutralized with a saturated sodium hydrogencar- 
bonate aqueous solution under cooling with ice. and the solvent was distilled off under reduced pressure. 

75 To the residue. 15 ml of water was added, and the mixture was extracted with ethyl acetate. The ethyl 
acetate layer was washed with water and with a saturated sodium chloride aqueous solution and then dried 
over anhydrous sodium sulfate. On the other hand, the separated aqueous layer was adjusted to pH2 with 
l N hydrochloric acid under cooling with ice and then extracted with ethyl acetate. This ethyl acetate layer 
was also washed with water and with a saturated sodium chloride aqueous solution and dried over 

20 anhydrous sodium sulfate. The organic layers were put together, and the solvent was distilled off under 
reduced pressure to obtain 2.31 g of a mixture of the ethyl ester and methyl ester of (2RS)-5-hydroxy-2-<i- 
naphthytmethyi)pentanoic acid was obtained as colorless oily substance. 
Rf: 0.40. 0.44 (n-hexane> ethyl acetate = 1/1) 
NMR (300 MHz, CDCb) 

25 5ppm: 1.10(3Hx0.5.t.J = 7.iHz). 1,48-1 .90(8H). 2.89(1H.m). 3.20(1H.m) 3.42(1H.m). 3.58(3Hx0.5.s). 3.61- 
(2H,t.J = 7.9Hz), 4.03(2Hx0.5.q.J»7.1Hz), 7.27-7.40(2H.m). 7.44-7.58(2H). 7.73(1 H.d.J = 7.9Hz). 7.86- 
(1 H.d.J = 7.9Hz). 8.01 (1 H.d.J = 7.9Hz) 

(b) 2.31 g of the mixture of the ethyl ester and methyl ester of (2RS)-5-hydroxy-2-<l-naphthylmethyl)- 
pentanoic acid was dissolved in 35 ml of dry pyridine, and 1 69 g of p-toluenesutfony! chloride was added 

30 thereto. The mixture was stirred at room temperature overnight. The reaction solution was concentrated 
under reduced pressure, and 200 ml of ethyl acetate was added to the residue. The ethyl acetate layer was 
washed with a 5% potassium hydrogen sulfate aqueous solution, with a 5% sodium hydrogencarbonate 
aqueous solution and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium 
sulfate. The solvent was distilled off under reduced pressure and the residue was purified by silica gel 

35 column chromatography (n-hexane/ethyl acetate = 5/1) to obtain 643 mg of ethyl (2RS)-2-(1-naphthyl- 
methyl)-5-p-toluenesulfonyloxypentanoate, 184 mg of methyl (2RSh2*(l-naphthylmethyl)-5-p-toiuenesul- 
fonyloxypentanoate and 650 mg of a mixture of the two compounds. 



jo Ethyl ester 

Rf: 0.37 (n-hexaneethyl acetate = 3-*l) 
NMR (300 MHz. CDCb) 

$ppm: 1.07(3H,t,J = 7.1Hz), 1.52-1 80(4H) 2.41(3H.s), 2.78(1H.m). 3.12(1H.m). 3.38(1H.m), 3.98(2H.m). 4.01- 
45 (2H.q.J*7.1Hz). 7.20-7.40(4H). 7.44-7.57{2H). 7.74(3H). 7.85(1 H.d,J = 7.9Hz). 7.95(1 H.d J * 7.9Hz) 



Methyl ester 

50 Rf: 0.30 (n-hexane ethyl acetate = 3/1 ) 
NMR (300 MHz. CDCI3) 

Sppm: 1.50-1.82(4H). 2.42(3H.s>. 2.80<1H.m), 3.1 2(1 H.m), 3.40(1 H,m). 3.54(3H,s). 3.95(2H.m), 7.20-7.31 (4H). 
7.35-7.60(2H). 7.74(3H), 7.85(1 H,d J = 7.9Hz), 7.96(1 H.d J = 7.9Hz) 

55 fc) 454 mg of sodium hydride (60% in oil) was washed three times with n-pentane under an argon 
stream to remove the oil. The powder obtained after drying was suspended in 10 ml of dry DMF under an 
argon stream, and 882 mg of ethylmercaptan was added thereto' under stirring at 0 * C. The mixture was 
stirred at room temperature for one hour. The suspension thus prepared was added to a solution in dry 
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OMF (10 ml) of 1.47 g of the mixture of the ethyl ester and methyl ester of (2RS^i-naphthylmethyl)-5-p- 
toluenesulfonyloxypentanoic acid under stirring with ice. The mixture was stirred at room temperature for 
one hour. Then, 25 ml of water was added and then 200 ml of benzene was added to the reaction solution. 
The organic layer was separated, washed with water and with a saturated sodium chloride aqueous solution 
s and dried over anhydrous sodium sulfate. Then, the solvent was distilled off under reduced pressure to 
obtain 1.2 g of a mixture of the ethyl ester and methyl ester of (2RS>-5^thytthio-2-<1-naphthylmethylh 
pentanoic acid. 

Rf: 0.68. 0.63 (n-hexane/ethyl acetate s 3/1) 

NMR (300 MHz. CDCU) „ MI u % 

w Spprrr 1 19<3H.U =7.1Hz). 1.29<3Hx0.5.U»7.1Hz). 1.45-1 .68(3H), 1.80(1H.m). 2.45<3H.m). 2.66(lH.m). 

2.82(1 H.m). 3.l6(1H.m), 3.38(1 H.m), 3.54(3Hx0.5.S). 3.98<2Hx0.5,q.J«7.1Hz). 7.22-7.36<2H). 7.40-7.53<2H). 

7.68(1 H f d.J = 7.9Hz). 7.81 (1 H t dJ = 7.9Hz). 7.97(1 H.d , J = 7.9Hz) 

(d) 1.2 g of the mixture of the ethyl ester and methyl ester of (2RS)-5-ethylthio-2-(l-naphthylmethyl)- 

pentanoic acid was dissolved in 12 ml of ethanol/water (1071). Then. 9.3 ml of a solution of 2N potassium 
75 hydroxide in ethanol/water (10/1) was dropwise added thereto under stirring. The mixture was stirred at 

room temperature overnight. Then, the reaction solution was concentrated under reduced pressure to about 

3 ml. and then 40 ml of water was added thereto. The aqueous solution was adjusted to pH2 by an addition 

of 1N hydrochloric acid under cooling with ice and then extracted with ethyl acetate. The ethyl acetate layer 

was washed with water and with a saturated sodium chloride aqueous solution and then dried over 
20 anhydrous sodium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 953 mg of 

(2RS)-5-ethy lthio-2-(l -naphthylmethy l)pentanoic acid. 

Rf: 0.42 (chloroform/methanol/acetic acid = 10/0.5/0.1) 

NMR (300 MHz. CDCb) ^ M ^ 

5ppm: 1.22(3H.t,J = 7.1Hz). 1.48-1 .91 (4H) 2.42-2.55(4H), 2.90(1 Km). 3.20(1 H.m). 3.50(1 H.m). 7.30-7.42(2H) 
25 7.45-7.58(2H), 7.75(1 H,d. J = 7.9Hz) 7.88(1 H,d,J « 7.9Hz), 8.02(1 H.d.J - 7.9Hz) 



(4) L-N-[(2R or S)-5-ethylthio-2-(1 -naphthylmethy l)pentanoyl]norleucine 

30 (a) 953 mg of (2RS)-5-ethylthio-2-(l-naphthylmethyl)pentanoic acid was dissolved in 9 ml of dry OMF, 
and 649 mg of L-norleucine tert-butyl ester, 782 mg of 1-hydroxybenzotriazol and 904 mg of OCC were 
added under cooling with ice. The mixture was stirred at room temperature overnight. The precipitated 
dicyclohexyl urea was removed by filtration, and the precipitates were washed with a small amount of a 
solvent mixture of n-hexane/ethyl acetate (4/1). The washing solution was combined to the filtrate. Then. 100 

35 ml of ethyl acetate was added to the filtrate, and the ethyl acetate layer was washed with a 10% citric acid 
aqueous solution, with water, with a 4% sodium hydrogencarbonate aqueous solution, with water and with a 
saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The solvent was 
distilled off under reduced pressure. To the residue, a small amount of chloroform was added, and 
insolubles were removed by filtration. Then, the solvent in the filtrate was distilled off. The residue was 

40 purified by silica gel column chromatography (n-hexane/ethyl acetate « 7/1) to obtain 1.23 g of L-N-[(2RS)- 
5-ethylthio-2-(1-naphthylmethyl)pentanoyl]norleucine tert-butyl ester. 610 mg thereof is further purified by 
siiica gel column chromatography (toluene/ethyl acetate = 25/1) to obtain 280 mg of L-N-[(2R or S)-5- 
ethylthto-2-(i-naphthylmethyl)pentanoyi]norieucine tert-butyl ester having a high Rf value and 210 mg of L- 
N-[(2R or S)-5-ethytthio-2-(1-naphthylmethyl)pentanoyl]norleucine tert-butyl ester having a low Rf value. 

(2R or S) isomer having a high Rf value 

Rf: 0.53 (n-hexane/ethyl acetate * 3/1) 
50 NMR (300 MHz, CDCb) 

appm: 0.85(3H.tJ = 7.5Hz), 1.06-1.32(7H) 1.40(9H.S). 1 .45-1 .80<5H), 1.90(1 H.m), 2.40-2.60<5H), 3.20(1 H.m), 
3.36(1 H,m). 4.33(1 H.m), 5.72(1 H.d.J *7.9Hz). 7.21 -7.40(2H), 7.45-7.58(2H), 7.70(1 H.d.J = 7.9Hz). 7.84- 
(1 H.d.J = 7.9Hz). 8.01 (1 H.d, J = 7.9Hz) 

55 

(2S or R) isomer having a low Rf value 
Rf: 0.49 (n-hexane/ethyl acetate = 3/1) 
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NMR (300 MHz, COCb) 

5ppm: 0.60(2H,m). 0.76(3H.tJ »7.5Hz). 1.06(2H.m). 1.17-1.35<5H). 1.40<9H.s) 156-1 .81 (5H), 1.92(1H.m). 
2.45-2.60(5H), 3.29<2H). 4.32(1 H,m), 5.48(1 H,d,J * 7.9Hz), 7.26-7.40(2H), 7.45-7.59(2H). 7.70(1 H.d J - 7.9Hz). 
7.84(1 H.d J * 7.9HZ). 8.00(1 H,d, J " 7.9Hz) 

5 

(b) 23.5 mg of L-N-[(2R or S)-5^thylthio-2-(l-naprithylmethyl)pentanoyl]norleucine tert-butyl ester was 
dissolved in 0.2 mi of dichloromethane. and 0.1 ml of trifluoro acetic acid was added thereto. The mixture 
was stirred at room temperature for four hours. Then, the reaction solution was concentrated under reduced 
pressure to obtain 20.7 mg of L-N [(2R or S)-5-ethylthio-2-(t-naphthylmethyl)pentanoyl]norleucine as 
to colorless solid. 

Rf: 0.39 (chloroform/methanol/acetic acid = 10/0.5/0.1) 



(S) (2RS,4S.5S)-5-{L-N-[(2R or S)-5-ethytthio-2*(1-naphthylmethyl)pentanoyl]norleucyl)amino-2-ethyl-4- 
is hydroxy-7-methyloctanoic acid isobutylamide 

20.7 mg of l-N-[(2R or S)-5^thy*thio-2-(1-naphthylmethyl)pentanoyl]norleucine was dissolved in 0.5 ml 
of dry DMF. Then. 17.4 til of triethylamine. 12.9 ul of DPP A and 20 mg of (2RS.4S.5S)-5-amino-2-ethyl 4- 
hydroxy- 7-methyloctanoic acid isobutylamide monohydrochloride was added thereto under stirring at 

20 -15*C. The mixture was stirred at the same temperature for one hour and then at 5*C overnight. The 
reaction solution was diluted with 20 ml of ethyl acetate, washed with water and with a saturated sodium 
chloride aqueous solution and dried over anhydrous sodium sulfate. Then, the solvent was distilled off under 
reduced pressure. The residue was purified by silica gel column chromatography (chloroform/methanol = 
50/1) to obtain 16.9 mg of (2RS.4S,5S)-5-{L-N-[(2R or S)-5-ethyrthio*2-(l-naphthylmethyl)pentanoylJ- 

25 norleucyl}amino-2-ethyM-hydroxy-7-methyloctanoic acid isobutylamide as colorless solid. 
Rf: 0.30, 0.34 (chloroform/methanol * 20/1) 
Mass spectrum m/z 670(M* + 1) 
NMR (300 MHz, CDCb) 

5ppm: 0.80-0.98(1 8H), 1.14-1.90(22H), 2.18(0.5H.m), 2.31(0.5H,m), 2.39-2.64(4H). 2.93-3.42(4H). 3.60(lH.m) 
30 3.83(1 H.m). 4.31 (1H,m). 5.80(0.5H,m). 5.92-6.1 8(2H). 6.28(0.5H.m). 7.22-7.40(2H). 7.45-7.58<2H,m), 7.72- 
(1H,dJ = 7.9Hz), 7.85(1 H.d.J»7.9Hz>, 7.98(1 H.m) 



EXAMPLE 13 

35 

f2RS.4S,5S)-5-{L-N-[(2R or S)»5^thylsulfonyU2-(Vnaphthylmehtyl)pentanoyl]norleucyl}amino-2-ethyl-4- 
hydroxy-7-methyloctanoic acTd isobutylamide 

40 

(1 ) L-N-[(2R or Sh5^thylsulfonyl-2-(1-naphthylmethyl)pentanoyl]norleucine tert-butyl ester 

600 mg of L-N-{(2RS)-5-ethylthio-2-(1 -naphthylmethy I )pentanoyi]nor leucine tert-butyl ester was dis- 
solved in 10 mi of methanol, and 2.3 ml of a hydrogen peroxide aqueous solution (30%) and 65 mg of 

45 sodium tungstate dihydrate were added thereto. The mixture was stirred at room temperature for 30 
minutes. The reaction solution was diluted with 100 ml of ethyl acetate and washed with water and with a 
saturated sodium chloride aqueous solution and then dried over anhydrous sodium sulfate. The solvent was 
distilled off. and the residue was purified by silica gel column chromatography to obtain 315 mg of an 
isomer having a high Rf value of L-N-{(2R or S)-5-ethylsulfonyl-2-(1-naphthylmethyl)pentanoyl]norieucine 

50 tert-butyl ester and 318 mg of an isomer having a low Rf value. 



Isomer having a high Rf value 

55 Rf: 0.29 (benzene/ethyl acetate * 3/1 ) 
NMR (300 MHz. CDCI 3 ) 

appm: 0.87(3H.t.J -7.1Hz). 1.04-1.45(16H) f 1.50-2.05(6H), 2.58<1H;m). 2.90(4H.m>. 3.20(2H,nU 3.38(2H.m). 
4.30(1 H.m), 5.80(1 H,d,J«7.9Hz). 7.24-7.40(2H), 7.52(2H.m), 7.72(1 H.d. J = 7.9Hz). 7.85(1H,d.J»7.9Hz) 8.00- 
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(1H,d,J = 7.9Hz) 



Isomer having a iow Rf value 

Rf: 0.27 (benzene/ethyl acetate * 3/1) 



(2) L-N-[(2R or S)>S^thylsutfonyW2-(1-naphthylmethyl)pentanoyl1norleucine 

25.8 mg of the isomer having a high Rf value of L-N-[(2R or S>-5-ethylsuffonyl-2-(1-naphthylmethyl)- 
pentanoyflnorleucine tert-butyl ester was dissolved in 0.2 ml of dichloromethane. Then, 0.1 ml of TFA was 
added thereto, and the mixture was stirred at room temperature for 4 hours. Then, the reaction solution was 
concentrated under reduced pressure. The residue thereby obtained was diluted with diethyl ether and 
concentrated under reduced pressure. This operation was repeated to obtain 22.9 mg of L-N-[(2R or S)-5- 
ethylsulfonyl-2-(1-naphthylmethyl)pentanoyi]norleucine. 

Rf: 0.35 (chloroform/methanoi/acetic acid * 10/0.5/0.1) 

(3) (2RS,4S,5S)-5-{L-N-((2R or S)"5-ethylsulfonyl*2-(1*naphthylmethyl)pentanoyl]norleucyi}amino-2'ethyl-4- 
hydroxy-7-rnethyloctanoic acid isobutylamide 

22.9 mg of l-N-[(2R or S)-5-ethylsulfonyl-2-(l-naphthylmethyl)pentanoyl]norleucine was dissolved in 0.2 
ml of dry DMF, and 6.23 mg of triethylamine and 16.9 mg of DPP A were added under stirring at -15 C. 
Then, 26.8 mg of (2RS,4S.5S)-5-amino-2-ethyM4iydroxy-7-methyloctanoic acid isobutylamide mon- 
ohydrochloride was dissolved in 0.1 ml of dry DMF and neutralized with 8.79 mg of triethylamine. This dry 
DMF solution was added to the previous reaction solution, and the mixture was stirred at -10 C for one 
hour and at 5*C overnight. The reaction solution was diluted with 20 ml of ethyl acetate, and the ethyl 
acetate layer was washed with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous sodium sulfate. Then, the solvent was distilled off. and the residue thereby obtained was purified 
by silica gel column chromatography (chloroform/methanol - 75/1) to obtain 18.2 mg of (2RS.4S,5S)-5-{L- 
N-[(2R or S)-5-ethy tsulf ony l-2-(1 -naphthy lmethyl)pentanoyl]norleucy l}amino-2-ethy l-4-hydroxy-7-methyloc- 
tanoic acid isobutylamide as colorless solid. 

Rf: 0.27, 0.31 (chloroform/methanol = 20/1) 
Mass spectrum m/z 702(M * + 1 ) 
NMR (300 MHz. CDCI 3 ) 

5ppm: 0.80-1 .00(1 8H). 1.17-1.40<8H), 1 .40-1 .70(7H), 1 .70-2.00(6H), 2.20(0.5H.m), 2.30(0.5H.m). 2.62(1H.m). 
2.78-3.08(4H), 3.18(2H.m) 3.35(2H.m) t 3.62(1 H.m). 3.82(1 H,m). 4.26(1 Km). 5.78(0.5H,m), 5.86(0.5H.m), 
6.05(2H.m). 7.22-7.42(2H). 7.52(2H,m). 7.74(1 H,d, J » 7.9Hz), 7.86(1 H.d.J = 7.9Hz). 7.96(1 H,d.J = 7.9Hz) 



EXAMPLE 14 



(2RS,4$,5S)»5-{L»N a -[(2RS)-3-ethyisuifonyl-2-(1-naphthylmethyl)propionylhN' m - 
triphen ylmethylhistidyi)amino-2-ethyl-4'hydroxy*7'methyioctanoic acid isobutylamide 

(a) 53 mg of L-N a -[(2RS)-3-ethylsulfonyl-2-(1-naph 
methyl ester was dissolved in 0.8 ml of methanol/water (10/1), and 0.387 ml of a solution of 1N potassium 
hydroxide in methanol/water (10/1) was added thereto. The mixture was stirred at room temperature for 50 
minutes. The mixture was neutralized with 1N hydrochloric acid under cooling with ice, and 20 ml of ethyl 
acetate was added thereto. The ethyl acetate layer was washed with water and with a saturated sodium 
chloride aqueous solution and dried over anhydrous sodium sulfate. The solvent was distilled off, and the 
residue thereby obtained was purified by silica gel column chromatography (chloroform/'methanol/acetic 
acid = 15/1/0.15). The fractions containing the desired product were collected, and the organic layer was 
washed with a 4% sodium hydrogencarbonate aqueous solution and with a saturated sodium chloride 
aqueous solution and dried over anhydrous sodium sulfate. -Then, the solvent was distilled off to obtain 49 
mg of L-N a -{(2RSh3^thylsulfonyl-2-(i-naphm as colorless 
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solid. 

Rf: 0.56. 0.44 (chloroform/methanol/acetic acid * 10/1.5/0.1) 

(b) 33.5 mg of l-N a -[3^%lsulfonyl-2-<1-naphm^ was 
dissolved in 0.4 ml of dry DMF, and 5.92 mg of triethylamine and 16.1 mg of DPP A were added thereto 

5 under stirring at -15 # C. Further, 6.9 mg of triethylamine and a dry OMF solution (0.4 ml) of 21.1 mg of 
(2RS.4S.5S)-5-amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide monohydrochtoride were ad- 
ded thereto, and the mixture was stirred at the same temperature for two hours and at room temperature 
overnight. The reaction solution was diluted with 20 ml of ethyl acetate, and the ethyl acetate layer was 
washed with water and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium 

to sulfate. Then, the solvent was distilled off, and the residue was purified by silica gel column chromatog- 
raphy (chloroform/methanol = 40/1) to obtain 37.5 mg of (2RS.4S.5S>-5-{L-N a [(2RSh3-ethylsulfonyl^ 
naphthyimethyl)propiony!]-N^-triphe acid 
isobutylamide as colorless solid. 
Rf: 0.27 (chloroform/methanol = 20/1) 

r 5 Mass spectrum m/2 940(M # + 1 ) 



EXAMPLE 15 



20 



( 2RS.4S.5S)-5-{L-N a -[(2S)-3 ethylsulfonyl-2^Vnaphthylmethyl)propionyl]histidyl}iethyl>4-hydroxy-7- 
methyloctanoic acid isobutylamide 

28 mg of (2RS,4S,5S)-Hl-N a -[(2RS)-3^thyte 

25 triphenylmethylhistidyl}amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide obtained in the above 
step (b) was dissolved in 0.4 ml of dichloromethane.and 0.1 ml of TFA was added thereto. The mixture was 
stirred at room temperature for 3 hours. The solvent was distilled off, and benzene was added to the 
residue, and the solvent was distilled off. This operation was repeated twice. The residue was dissolved in 
15 ml of ethyl acetate, and the ethyl acetate layer was washed with a 4% sodium hydrogencarbonate 

30 aqueous solution with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous sodium sulfate. The solvent was distilled off. the residue was purified by silica gel column 
chromatography (chloroform/methanol = 20/1) to obtain 6.2 mg of (2RS.4S,5S)-5-{L-N a -[(2S)-3- 
ethylsulfonyl-2-(l-naphthylmethyl)propionyl]ft acid 
isobutylamide. 

35 Rf: 0.11 ^chloroform/methanol = 10/1) 
Mass spectrum nrvz 698(M* + 1) 
NMR (300 MHz. CDCI 3 ) 

6 ppm: 0.56-1 .00(1 4H), 1.10-18K12H), 2.24(0.5H), 2.34(0.5H). 2.70-3.28(9H). 3.40-3.88<5H). 4.72(1 H.br). 
6.44(1H.br). 6.56(1 H.br), 6.94(1H), 7.22-7.40(2H). 7.40-7.55(3H) 7.72(1 H.dJ »7.9Hz), 7.82(1H,m). 8.02(1H.m) 



EXAMPLE 16 



45 (2RS.3RS.4S)-4-{L-N-[3-ethylsulfonyl-2-(1-^ 
morpholino-2.3-pentandiol 



(1) L-N'benzyloxycarbonylcyclohexylalanine 3.5-dimethylpyrazolide 

50 

(a) 2 g of L-phenylalanine was dissolved in 30 ml of 50% acetic acid, and high pressure nydrogenation 
was conducted (hydrogen pressure: 50 kg/cm 2 . 40-70* C. two hours) by an addition of 200 mg of platinum 
oxide. The catalyst was removed by filtration, and the solvent was distilled off under reduced pressure to 
obtain 2.2 g of L-cyctohexylalanine as colorless needles. 
55 (b) 2.2 g of L-cyclohexylalanine was suspended in 8 ml of water and dissolved by an addition of 2.7 ml 
of triethylamine. Then. 8 ml of a dioxane solution of 4.2 g of S-(benzyloxycarbonyl)«4.6-dimethyl-2- 
mercaptopyrimidine was added thereto, and the mixture was stirred at room temperature for two hours. 
After an addition of 100 ml of water, the reaction mixture was extracted with ethyl acetate. Then, the 
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aqueous layer was adjusted to pH2 with 6N hydrochloric acid at 0 C. The aqueous layer was extracted with 
ethyl acetate, and the ethyl acetate layer was washed with 1N hydrochloric acid and a saturated sodium 
chloride aqueous solution and then dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure to obtain 4.1 g of L-N-benzyloxycarbonylcyclohexyialanine as colorless oily 

s substance. 

Rf: 0.48 (benzene/methanol/acetic acid = 10/1/0.5) 

(c) 2 g of L-N-benzyloxycarbonylcyclohexylaianine was dissolved in 20 ml of dichloromethane. and 0.84 
g of 3,5-dimethylpyrazole was added thereto. Further, 1.8 g of DCC was added thereto, and the mixture was 
stirred at from 0 to 8* C overnight The precipitates were removed by filtration, and the solvent was distilled 

;o off under reduced pressure. The residue was dissolved in ethyl acetate, and the solution was washed with a 
10% citric acid aqueous solution, water, a 4% sodium hydrogencarbonate aqueous solution, water and a 
saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off under reduced pressure, and the residue was crystallized from diethyl ether/n-hexane to 
obtain 2.1 g of L-N-benzyloxycarbonylcyciohexylaianine 3,5-dimethylpyrazolide as colorless needles. 

15 mp: 93-94* C 

Rf: 0.45 (n-hexane/ethyl acetate * 3/1) 



(2) (3RS,4S)-4-(benzyloxycarbonyl)amino-5^:yclohexyl-3-hydroxypentene 

20 

(a) 792 mg of lithium aluminum hydride was suspended in 50 ml of dry THF. Then, 50 ml of a dry THF 
solution of 4 g of L-N-benzyloxycarbonylcyclohexylalanine 3.5-dimethylpyrazoiide was dropwise added 
thereto over a period of about 40 minutes at -40 to -45* C under argon. The mixture was further stirred at 
the same temperature for 20 minutes, and then 5 ml of 5N hydrochloric acid was added thereto. The 

25 insolubles were removed by filtration, and the solvent was distilled off under reduced pressure. The residue 
was dissolved in ethyl acetate. The ethyl acetate layer was washed with 1 N hydrochloric acid and with a 
saturated sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. Then, the 
solvent was distilled off under reduced pressure to obtain 3.4 g of L-IM-benzyloxycarbonylcyclohexylalaninal 
as colorless oily substance. 

ao Rf: 0.30 (n-hexane/ethyl acetate « 4/1) 

(b) 3.4 g of L-N-benzyloxycarbonylcyctohexyaianinal was dissolved in 25 ml of dry THF. Then, 36 ml of 
a THF solution of 0.88M vinyl magnesium bromide was dropwise added thereto over a period of 40 minutes 
at -78* C under an argon gas atmosphere. After completion of the dropwise addition, the reaction mixture 
was returned to room temperature and stirred at room temperature for 30 minutes. The reaction solution 

35 was poured into 250 ml of a saturated ammonium chloride aqueous solution and extracted with ethyl 
acetate. The ethyl acetate layer was washed with a saturated sodium chloride aqueous solution and dried 
over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure. The residue 
was purified by silica gel column chromatography (toluene/ethyl acetate * 7/1) to obtain 1.9 g of the above 
identified compound as colorless oily substance. 

40 Rf: 0.18 (n-hexane/ethyl acetate = 4/1) 



(3) (4S,5RS)-3-benzyloxycarbonyl-4-cyclohexylmethyl-5-ethenyl-2,2-dimethyloxazolidine 

45 983 mg of {3RS,4SH-(benzyloxycarbonyl)amino-5-cyciohexytpentene-3-ol was dissolved in 5 ml of 
dichloromethane. and 4 ml of 2.2-dimethoxypropane and 30 mg of dry p-toluenesulfonic acid were added 
thereto. The mixture was stirred at room temperature overnight. Then. 100 ml of ethyl acetate was added to 
the reaction mixture. The mixture was washed with a saturated sodium hydrogencarbonate aqueous solution 
and with a saturated sodium chloride aqueous solution. Then, the organic layer was dried over anhydrous 

so magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was purified by 
silica gel column chromatography (n-hexane/ethyl acetate = 20/1) to obtain 967 mg of (4S,5RS)-3- 
benzyloxycarbony(-4-cyciohexy!methyl-5-ethenyl-2.2-dimethyloxazolidine as colorless oily substance. 
Rf: 0.74 (n-hexane/ethyl acetate « 3/1) 



(4) (4S,5RS)-3-benzyloxycarbonyl-4<yclohexylm^ 
oxazolidine 
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(a) 440 mg of (4S,5RS)-3-benzyloxycart>onyW<ycloh was 
dissolved in 12 ml of dichloromethane. and 850 mg of m-chloroperbenzoic acid (hereinafter referred to 
simply as MCPBA) was added thereto. The mixture was stirred at room temperature overnight, and then 
refluxed under heating for three hours. Then, 60 ml of ethyl acetate was added to the reaction mixture, and 
the mixture was washed with a 10% sodium hydrogensulfite aqueous solution, a saturated sodium 
hydrogencarbonate aqueous solution and a saturated sodium chloride aqueous solution. The ethyl acetate 
layer was dried over anhydrous magnesium sulfate, and then the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography <n-hexane/ethyl acetate « 10/1) to 
obtain 318 mg of (iRS)-H(4S.5RS)-3-benzyloxyc»rb<^ 

oxirane as colorless oily substance. 

Rf: 0.19 m-hexane/ethy I acetate « 10/1) , 

(b) 80 mg of (iRSHK(4S.5RS)-M»nzyloxy^ 

oxirane was dissolved in 3.5 mi of methanol, and 22 ul of morpholine was added thereto. The mixture was 
refluxed under heating for five hours. The reaction mixture was subjected to distillation under reduced 
pressure to remove the solvent. The residue was purified by silica gel column chromatography (n- 
hexane/ethyl acetate » 1/1) to obtain 78 mg of (4S,5RS)-3-benzyloxycarbonyl-4<yclohexylmethyl-2.2- 
dimethyl-5-[(lRS)-l-hydroxy2-morphonnoethyl]oxa20lidine as colorless oily substance. 
Rf: 0.23, 0.32 (n-hexane/ethyl acetate = 1/1) 

(5) (2R S,3RS,4S)*4»{L'N'[3^thylsulfonyl-2^l-naphthylmethyl)propionynnorieucyl)amino-5*cyclohexyl-1« 
morpholino-2.3-pentanediol 

(a) 61 mg of (4S.5RS)-3-benzyloxycarbonyM<y^ 
hydroxymorpholinoethyljoxazolidine was dissolved in 1.5 ml of ethanol, and palladium black was added 
thereto. Then, hydrogenation was conducted at room temperature under atmospheric pressure. The catalyst 
was removed by filtration, and the solvent was distilled off under reduced pressure to obtain 38 mg of 
f2RS,3RS.4SH-amino-5-cyclohexyl-i-morpholino-2,3-pentanediol as colorless oily substance. 

Rf: 0.32, 0.42 (chloroform/methanol/aqueous ammonia = 10/2/0.2) 

(b) 18 mg of L-N-[3-ethylsulfonyl-2-(i-naphthylmethyl)propionylJnorleucine was dissolved in 0.2 ml of 
•dry DMF. Then. 8ul of triethylamine. 11 ul of DPP A and a solution of 18.4 mg of (2RS.3RS.4S)-4-amino-5- 
cyclohexyl-l-morpholino-2,3-pentanediol in 0.4 ml of dry DMF, were added thereto under stirring at -15 C. 
The mixture was stirred at room temperature ovenight. Then, 20 ml of ethyl acetate was added to the 
reaction mixture, and the mixture was washed with water and a saturated sodium chloride aqueous solution. 
The ethyl acetate layer was dried over anhydrous magnesium sulfate, and then the solvent was distilled off 
under reduced pressure. The residue was purified by silica gel column chromatography 
(chloroform/methanol « 100/1) to obtain 10.9 mg of the above identified compound as colorless powder. 

Rf: 0.20 (chforoform/methanol 3 20/1 ) 
Mass spectrum m/z 688<M* + 1 ) 
NMR (300 MHz. COCb) 

5ppm: 0.82-0.97(3H,m). 1.20(3H,t.J = 7.6Hz). 1.12-1.85<19Km), 2.42-2.58(2H.m). 2.58-2.91 (6H.m). 3.03- 
(1H.dd.Ja 13.7.3.4Hz), 3.25-3.78(1 1H.m). 4.19-4.33<2H.m). 6.01(1H.d.J = 7.9Hz). 6.09(1 H.d.J = 6.3Hz), 7.33- 
7.69(4H,m), 7.82(1 H.dJ» 7.9Hz), 7.92( 1 H.d.J = 7.9Hz), 8.03<1H,d,J«7.9Hz) 



EXAMPLE 17 



f2S.3R,4SH-{L-N-((2Sh3-ethylsulfo^ 
piperidino-2,3-pentanedioi 

(a) 62 mg of (lRSH-[(4S.5RS)-3-benzyloxycait>onyl^ 
oxirane obtained in step (4)-(a) of Example 16 was dissolved in 2.6 ml of methanol, and 18 al of piperidine 
was added thereto. The mixture was refluxed under heating for 5 hours. The reaction solution was subjected 
to distillation under reduced pressure to remove the solvent. The residue was purified by silica gel column 
chromatography (n-hexane/ethyl acetate = VI) to obtain 73 mg of (4S.5RS)-3-benzyloxycarbonyl-4- 
cyclohexylmethyl-2.2-dimethyl-5-[(lRS)-l-hydroxy-2-piperidinoethyT]oxazolidine as colorless oily substance. 
Rf: 0.5 (n-hexane/ethyl acetate ■ 1/1) 
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(b) 71 mg of (4S,5RS>-3-benzyloxycarbonyM^ 
piperidinoethyl]oxazolidine was dissolved in 1.5 ml of ethanol. and palladium black was added thereto. 
Then hydrogenation was conducted at room temperature under atmospheric pressure. The catalyst was 
removed by filtration, and then the solvent was distilled off under reduced pressure to obtain 41 mg of 
(2RS f 3RS.4SH-amino-5-cyclohexyl-1-piperidino-Z3-pentanediol as colorless oily substance. 
Rf:0.4l (chloroform/methanol/aquoous ammonia * 10/2/02) 

"(c) 45 mg of L-r^[3^mylsulfonyl-2-{i-naphthylmethyl)propionylJnorleucine was dissolved in 0.5 ml of 
dry DMF. Then. 18 ul of triethylamine, 28 ul of DPPA and 0.5 ml of a dry DMF solution of 41 mg of 
(2RS,3RS.4SH-amino-5-cyclohexyl-1-piperidino-2 t 3-pentanediol f were added thereto under stirring at - 
15* C. The mixture was stirred at room temperature overnight, and then treated in the same manner as in 
step (5Wb) of Example 16. The product was purified by silica gel column chromatography 
(chloroform/methanol = 20/1) to obtain 30.2 mg of the above identified compound as white powder. 
Rf: 0.30 (chloroform/methanol = 10/1) 
Mass spectrum (FAB) m/z 686(M* + 1 ) 

NMR (300 MHz, COCI 3 ) v nM 

ippm: 0.80-0.92(3H,m). 1.20(3H.U = 7.6Hz) 0.92-1 .84<25H,m), £2$-2.50<2H,m) 2.50-2.9G(6H.m). 3.02- 
(1H dd J = 13.7,3.4Hz). 3.25-3.52(5H.m), 3.56-3.69(1 H,m). 4.18-4.30(2H.m). 5.89-6.1 8(2H.m). 7.35-7.49- 
(2H.m), 7.49-7.65(2H,m), 7.79(1 H,d J - 7.9Hz), 7.90(1 H.d, J = 7.9Hz), 8.03(1 H,d. J * 7.9Hz) 



EXAMPLE 18 



(2S,3R,4S)-4-{L-N-[(2S)-3-ethylsurfony^ 
methylpiperidino)-2.3-pentanediol 

(a) 62 mg of (iRSHK(4S.5RSh3-benzytoxycarbonyl-4^ 

oxirane obtained in Example 16 (4)-(a) was dissolved in 2.6 ml of methanol, and 21 ul of 4-methylpiperidine 
was added thereto. The mixture was treated in the same manner as in Example 17. The product was 
purified by silica gel column chromatography (n-hexane/ethyl acetate = 1/2) to obtain 72 mg of (4S,5RS)-3- 
benzyloxycarbonyl-4 C yclohexylmethyl-2^-dimethyl-5-[(lRS)-1-hydroxy.2-(4-methylpiperidino)ethyl]- 

oxazolidine as colorless oily substance. 
Rf: 0.13-0.41 (n-hexane/ethyl acetate 3 1/2) 

(b) 70 mg of (4S.5RS)-3-benzyioxycarbonyl-4-cyclohexylmethyl-2.2-dimethyl-5-[(lRS)-l-hydroxy-2-(4- 

methytpiperidino)ethyl]oxazolidine was dissolved in 1.5 ml of ethanol, and palladium black was added 
thereto. The mixture was treated in the same manner as in Example 17 to obtain 45 mg of (2RS,3RS.4S)-4- 
amino-5-cyclohexyl-l-(4-methylpiperidino)-2,3-pentanediol as colorless oily substance. 
Rf: 0.47 (chloroform/methanol/aqueous ammonia = 10/2/0.2) 

(c) 43 mg of L"N-[2(S)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl]norleucine was dissolved in 0.4 ml 
of dry DMF. Then. 17 ul of triethylamine, 27 ul of DPPA and 0.6 ml of a dry DMF solution of 45 mg of 
(2RS,3RS,4SH-amino-5-cyclohexyl-i-(4-methylpiperidtno)-2,3-pentanediol. were added thereto under stir- 
ring at -15* C. The mixture was treated in the same manner as in Example 16 <5>-<b). The product was 
purified by silica gel column chromatography (chlorofornvmethanol » 20/1) to obtain 36.5 mg of the above 
identified compound as white powder. 

Rf:0.29 (chloroform/methanol = 10/1) 
Mass spectrum (FAB) m/z 700(M* + 1 ) 
NMR (300 MHz. CDCb) 

$ppm: 0.78-0.92{6H.m), 0.92-1. 82(27H,m), 1 .90-2.04(1 Km). 2.17-2.31 (iH.m). 2.51-2.91(5H.m). 3.00- 
(1HddJ = 13.7.3.4Hz), 3.05-3.18(1 H,m). 3.24.3.49(5H.m), 3.61(1 H,ddJ = 15.0.7.9Hz). 4 l5-4.29(2H.m), 5.88- 
6.01(1H.6s). 6.01-6.18(1H.6S), 7.32-7.46(2H.m), 7.46-7.63<2H.m). 7.78<1H.d.J = 7.9Hz) 7.88(1 H.d.J = 7.9Hz). 
8.01(1 H.d.J = 7.9Hz) 



EXAMPLE 19 



(2S,3R,4S)-4-{L-N-((2S)-3-ethylsu^ 
morpholino-2.3-heptanediol 
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(1) (3RS,4S)-4"(ben2yioxycafbonyl)afnino-6-niethylhepten*3K)l 

(a) 120 mg of lithium aluminum hydride was suspended in 3 ml of dry THF. and 12 ml of a dry THF 
solution of 1 g of L-N-benzyloxycarbonylleucine pirazolide was dropwise added over a period of 35 minutes 

5 at -35 to -40 *C under an argon gas atmosphere. The mixture was left at the same temperature for one 
hour, and then 0.64 ml of 5N hydrochloric acid was added thereto. The insolubles were removed by 
filtration, and the solvent was distilled off under reduced pressure from the filtrate. The residue was 
dissolved in ethyl acetate. The ethyl acetate layer was washed with 1N hydrochloric acid and with a 
saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was 

io distilled off under reduced pressure to obtain 634 mg of L-N-benzyloxycarbonylleucinal as colortess oily 
substance. 

Rf: 0.34 (n-hexane/ethyl acetate » 3/1) 

(b) 634 mg of 1-N-benzyloxycarbonylleucinaJ was dissolved in 7 mi of dry THF.«d 10-mi of a THF 
solution of 0.87M vinyl magnesium bromide was dropwise added over a period of 25 minutes at -78 C 

is under an argon gas atmosphere. After completion of the dropwise addition, the reaction mixture was 
returned to room temperature and further stirred for 15 hours. The reaction solution was poured into 20 ml 
of a saturated ammonium chloride aqueous solution and extracted with diethyl ether. The ether layer was 
washed with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. 
The solvent was distilled off under reduced pressure. The residue was purified by silica gel column 

20 chromatography (n-hexane/ethyl acetate » 5/1) to obtain 384 mg of (3RS.4SWben2ytoxycart>onyl)amino- 
6-methylhepten-3-ol as colorless oily substance. 
Rf: 0.29 (n-hexane/ethyl acetate * 3/1) 



25 (2) (4S 1 5RS)-3-benzyloxycarbonyl-2.2-dimethyl-5^thenyl-4>*sobutyloxazolidine 

124 mg of (3RS,4SH-<benzyloxycarbonyl)amino-6- methylhepten-3-ol was dissolved in 0.33 ml of 2,2- 
dimethoxypropane, and 4 mg of dry p-toluenesulfonic acid was added thereto. The mixture was stirred at 
room temperature overnight Then. 20 ml of ethyl acetate was added to the reaction solution, and the 

30 mixture was washed with a saturated sodium hydrogencarbonate aqueous solution and a saturated sodium 
chloride aqueous solution. The organic layer was dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure, and the residue was purified by silica gel column chromatography (n- 
hexane ethyl acetate - 10/1) to obtain 101 mg of (4S.5RSV3-benzytoxycart30nyl-2.2-dimethyl-5-ethenyM- 
isobutyloxazoiidine as colorless oily substance. 

35 Rf: 0.73 fn-hexane. ethyl acetate « 3/1) 



<3> (4S,5RS}-3-tenzytoxycarbonyl-2.2-dimethyl-5-{(1RS)-1-h^ 

jo (a) 98.4 mg of (4S.5RS)-3-ben2yloxycarbonyl-2.2-dimethyl-5-ethenyl-4-isobutyloxa20iidine was dis- 
solved in 6 ml of dichloromethane. and 212 mg of MCPBA was added thereto. The mixture was stirred at 
room temeprature for one hour and futher refluxed for 4.5 hours. Then. 20 ml of ethyl acetate was added to 
the reaction solution, and the mixture was washed with a cold 5% sodium hydrogensulfite aqueous solution, 
with a saturated sodium hydrogencarbonate aqueous solution and with a saturated sodium chloride aqueous 

45 solution. The ethyl acetate layer was dried over anhydrous magnesium sulfate. The solvent was distilled off 
under reduced pressure, and the residue was purified by silica gel column chromatography (n-hexana ethyl 
acetate * 10/1) to obtain 50 mg of (lRS)-i-[(4S.5RS)-3-ben2yloxycarbonyl-2.2-dimethyl-4-isobutyloxa20li 
din-5-ylJoxirane as colorless oily substance. 
Rf: 0.25 (n-hexane/ethyl acetate = 5/1 ) 

so (b> 48 mg of (lRS)-i-[(4S,5RSV3-ben2yloxycarbonyl-2.2-dimethyl-4^sobutyloxa2oHdin-5-ylloxirane was 
dissolved in 2 ml of methanol, and 14 al of morpholine was added thereto. The mixture was refluxed 
overnight. The reaction solution was subjected to distillation under reduced pressure tor the removal of the 
solvent, and the residue was purified by silica gel column chromatography {n-hexane/ethyl acetate » 1 1) to 
obtain 55 mg of (4S f 5RS)-3-ben2yloxycarbonyl-2,2-dimethyl-5-[(l RS)-1 -hydroxy-2-morpholtnoethy i}-4- 

55 isobutyloxazolidine as colortess oily substance. 
Rf: 0.32 (n-hexane/ethyi acetate * 1/1) 
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(4) (2S,3R.4S)^(L-N-[(2S)-3^thylsuK^ 
morpholino-2,3-heptanedioi 

(a) 53.7 mg of (4S3RS)-3*er«ytaxyca^ 

isobutyloxazolidine was dissolved in 0.8 ml of ethanol, and palladium black was added thereto. Then, 
hydrogenation was conducted at room temperature at atmospheric pressure. The catalyst was removed by 
filtration, and the solvent was distilled off to obtain 23 mg of (2RS.3RS.4SH-amino-6-methyl-1-morpholino- 
2,3-heptanediol as colorless oily substance. 
Rf: 0.32, 0.43 (chioroform/methanoi/aqueous ammonia = 10/1/0.2) 

(b) 38.8 mg of L-N-[3-ethylsuifonyl-2-(1-naphthylmethyl)propionyl]norleucine was dissolved in 0.3 ml of 
dry DM . Then, 16 ul of triethylamine, 22 ul of OPPA and 0.6 ml of a dry DMF solution of 23 mg of 
(2RS.3RS l 4SH-amino-6-methyl-1-morpholino-2,3-heptanediol. were added thereto under stirring at -15 C. 
The mixture was stirred at room temperature overnight Then, 20 ml of ethyl acetate was added to the 
reaction mixture, and the mixture was washed with a 10% citric acid solution, with a 4% sodium 
hydrogencarbonate aqueous solution and with a saturated sodium chloride aqueous solution. The ethyl 
acetate layer was dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography (chloroform/methanol = 50/1) to 
obtain 19.6 mg of the above identified compound as colorless powder. 

Rf: 0.23 (chloroform/methanol ■ 30/1) 
Mass spectrum m/z 648(M * + 1 ) 
NMR (300 MHz. CDCl 3 ) 

tppm* 0.84{3H.tJ = 7.5Hz), 0.92<3H.d,J = 7.5Hz). 0.97<3H.d;J « 7.5Hz). 1 .20<3H,tJ » 7.5Hz), 1.20-1.35(4H.m), 
1 34-1 47(1 H.m), 1.47-1.85(5H,m). 2.41-2.55(2H.m), 2.55-2.86(6H,m), 3.01 (1 H.dd.J ■ 2.4,1 4.4Hz), 3.22-3.74- 
<10H.m). 4.16-4.26<2H,m), 4.58<1H,s). 5.96(1 H.d J 9 9.4Hz), 6.08(1H.dJ * 7.1Hz). 7.20-7.62(4H ( m). 7.78- 
(1 H.d.J = 7.9Hz). 7.88(1 H.d J = 7.9Hz), 7.98(1 H. d. J = 7.9Hz) 



EXAMPLE 20 

(2S.3R.4S)-4-{L-N-{(2S )-3-ethylsuifo^ 
methoxyethylamino)-2,3-pentanedioi 

(a) 64 mg of <iRSH-{(4S.5RS)-3-benzy1oxycarbonyl-^ 

oxirane obtained in Example l6(4)-(a) was dissolved in 2.6 ml of methanol, and 16 ul of 2-methox- 
yethylamine was added thereto. The mixture was treated in the same manner as in Example 17. The 
product was purified by silica gel column chromatography (chloroform/methanol * 10/1) to obtain 44 mg of 
(4S.5RS)-3-benzyloxycarbonyl-4-cyclohexylmethyl-2^-dimethyl-5-l(1 RSH -hydroxy-2-(2- 
methoxyethylamino) ethyl ]oxazolidine as colorless oily substance. 
Rf: 0.35 (chlorofrom/methanol = 10/1) 

(b) 44 mg of (4S.5RS)-3-berizyloxycarbonyl-4<yclohexylm^ 
methoxyethylamino)ethyl}oxazolidine was dissolved in 1.5 mi of ethanol. and palladium black was added 
thereto. The mixture was treated in the same manner as in Example 17 to obtain 27 mg of (2RS.3RS,4SH- 
amino-5-cyclohexyl-1-(2-methoxyethylamino)-2,3-pentanediol as colorless oily substance. 

Rf: 0.17, 0.29 (chloroform/methanol/ammonia * 10/2/0.2) 

(c) 29 mg of L-N-{(2S)-3-ethylsulfonyl-2-(l-naphthylmethyl)propionyl]norleucirte was dissolved in 0.4 ml 
of dry DMF. Then. 11.4 ul of triethylamine, 18 ul of DPPA and 0.6 mi of a dry DMF solution of 27 mg of 
(2RS.3RS,4S)-4-amino-5-cyclohexyi-l-(2-methoxyethylamino)-2.3-pentanediol, were added thereto under 
stirring at -15* C. The mixture was treated in the same manner as in Example 16 (5)-(b). The product was 
purified by silica gel column chromatography (chloroform/methanol = 20/1) to obtain 12.8 mg of the above 
identified compound as white powder. 

Rf: 0.21 (chloroform/methanol = 10/1) 
Mass spectrum m/z 677(M* + 1) 
NMR (300 MHz.CDCb) 

fippm: 0.87(3H.t.J = 7.1Hz). 1.16(3H,t,J = 7.9Hz). 0.92-1. 86(1 9H,m). 2.20-2.97(6H,m). 3.02- 

(IH.dd.J = 13.7.3.4Hz). 3.18(1 H.dd.J » 1 2.0.4.7Hz), 3.24-3.61 (6H.m). 3,47(3H.U = 7.1Hz), 3.70- 
(1H.dd.J = 14.2.7.9H2), 4.14-426(2H.m), 6.40(1H,bS). 6.57(T*.bs), 7.34-7.48(2H.m), 7.48-7.64(2H,m). 7.79- 
(1 H.d.J = 7.9Hz), 7.88(1 H.d.J » 7.9Hz), 8.03(1 H.d.J = 7.9Hz) 
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EXAMPLE 21 

(2RS.3R or $,4S)^{L-N-{(2S)-3^frylsulfo^^ 
s 1 -memylthio-2.3-pentanediol 

(1) L-N-tert-butoxycarbonylcyclohexyialanine*3.S-climethylpyra20lide 

io (a) 1.0 g of L-cyclohexylalanine obtained in the process of Example 16 OHa) was suspended in 5 mi of 
water, and 1.2 ml of triethylamine was added thereto. 5 ml of a dioxane solution of 1.7 g of S-(tert- 
butoxycarbonylH.6-dimethyl-2-mercaptopyrimidine was added thereto, and the mixture was stirred at room 
temperature for 18 hours. Then, 50 ml of water was added to the reaction mixture, and the mixture was 
extracted with ethyl acetate. The aqueous layer was adjusted pH4 with 5N hydrochloric acid under cooling 

is with ice and extracted with ethyl acetate. The ethyl acetate layer was washed with 1 N hydrochloric acid and 
with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The 
solvent was distilled off under reduced pressure to obtain 1.1 g of L-N-tert-butoxycarbonylcyclohexyialanine 
as slightly yellow oily substance. 
Rf: 0.35 (chloroform/methanol/acetic acid = 20/1/0.5) 

20 (b) 1 .4 g of L-N-tert-butoxycarbonylcyclohexylalanine was dissolved in 20 ml of dichloromethane. and 
0.54 g of 3,5-dimethylpyrazole was added thereto. Further, 1.15 g of OCC was added under cooling with 
ice, and the mixture was stirred at room temperature overnight The precipitates were removed by filtration, 
and the solvent was distilled off under reduced pressure. The residue was purified by silica gel column 
chromatography (n-hexane/ethyl acetate - 5/1) to obtain 1.75 g of L-N-tert-butoxycarbonylcyclohex- 

25 ylalanine 3,5-dimethylpyrazolide as colorless oily substance. 
Rf : 0.70 (n-hexane/ethyl acetate = 3/1 ) 

(2) (3RS,4S)-4-(tert'butoxycarbony0amino-5-cyclohexylpenten-3-ol 

30 

(a) 192 mg of lithium aluminum hydride was suspended in 5 ml of dry THF. Then, 20 ml of a dry THF 
solution of 1.58 g of L-N-tert-butoxycarbonylcyciohexylalanine 3,5-dimethylpyrazolide was dropwise added 
over a period of about 40 minutes at about -40* C under an argon gas atmosphere. Then, the mixture was 
left at the same temperature for one hour and 20 minutes, and then 1 ml of 5N hydrochloric acid was added 

35 thereto. The msoiubles were removed by filtration, and the solvent was distilled off under reduced pressure. 
The residue was dissolved in ethyl acetate. The ethyl acetate layer was washed with 1 N hydrochloric acid 
and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The 
solvent was distilled off under reduced pressure to obtain 0.91 g of L*N-tert-butoxycarbonyl cycle-hex- 
ytaianinal as colorless oily substance. 

40 Rf: 0.58 (n-hexane/ethyl acetate = 3.1) 

(b) 0.91 g of L-N-tert-butoxycarbonyl cyclohexylalaninal was dissolved in 12 ml of dry THF. and 16 ml 
of a THF solution of 0.87M vinyl magnesium bromide was dropwise added over a period of 45 minutes at 
-78 * C under an argon gas atmosphere. After completion of the dropwise addition, the reaction mixture was 
returned to room temperature and further stirred overnight The reaction solution was poured into 30 ml of a 

45 saturated ammonium chloride aqueous solution and extracted with ethyl acetate. The ethyl acetate layer 
was washed with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium 
sulfate. Then, the solvent was distilled off under reduced pressure. The residue was purified by silica gel 
column chromatography (n-hexane-ethyl acetate » 5/1) to obtain 0.3 g of the above identified compound as 
colorless oily substance. 

so Rf: 0.41 (n-hexane/ethyl acetate * 3/1 ) 



(3) (4S.5RS)-3-tert-butoxycarbonyl-4"Cyclohexylmethyl-2^-dimethyl-5-ethenyloxa20lidine 

55 293 mg of (3RS,4S)-4-(tert-butoxycarbonyl)amino-5-cyclohexyl penten-3-ol was dissolved in 0.78 ml of 
2,2-dimethoxypropane. and 9 mg of dry p-toluenesuifonic acid was added thereto. The mixture was stirred 
at room temperature overnight Then. 20 ml of ethyl acetate was" added to the reaction mixture, and the 
mixture was washed with a saturated sodium hydrogencarbonate aqueous solution and with a saturated 
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sodium chloride aqueous solution. Then, the organic layer was dried over anhydrous magnesium sulfate. 
The solvent was distilled off under reduced pressure, and the residue was purified by silica gel column 
chromatography (n-hexane/ethyl acetate * 10/1) to obtain 259 mg of the above identified compound as 
colorless oily substance. 
5 Rf: 0.80 (n-hexane/ethyl acetate » 3/1) 



(4) (4S.5R or Sh^tert-butoxycarbonyi-^yclohexylmethyl^^^dimethy l-5-{(1 RSH -hydroxy-2- 
rnethylthioethylloxazolTdine 

10 

(a) 145 mg of (4S,5RS)*tert*utoxycarto^ was 
dissolved in 4.5 ml of dichloromethane. and 309 mg of MCPBA was added thereto. The mixture was 
refiuxed under heating for 5 hours. Then, 50 ml of ethyl acetate was added to the reaction mixture, and the 
mixture was washed with a 1N sodium hydroxide aqueous solution and with a saturated sodium chloride 

75 aqueous solution. The organic layer was dried over anhydrous magnesium sulfate. Then, the solvent was 
distilled off under reduced pressure, and the residue was purified by silica gel column chromatography (n- 
hexane/ethyt acetate * 10/1) to obtain 75.1 mg of (1RS)-H(4S.5RS)-3-tert-butoxycarbonyl-4. 
cyclohexylmethyl-2^-dimethyloxazolidin-5-yl]oxirane as colorless oily substance. 
Rf: 0.69 (n-hexane/ethyl acetate = 3/1) 

20 (b) 70 mg of (iRSHWS,5RS>-3-tert-butoxycarbonyM^ 

oxirane was dissolved in 3 ml of methanol, and 106 ul of sodium methylmercaptan aqueous solution (15%) 
was added thereto. The mixture was refiuxed under heating for five hours. Then, ethyl acetate was added to 
the reaction solution, and the mixture was washed with water and with a saturated sodium chloride aqueous 
solution. The organic layer was dried over anhydrous magnesium sulfate. Then, the solvent was distilled off 

25 under reduced pressure, and the residue was purified by silica gel column chromatography, (n-hexane/ethyl 
acetate = 10/1) to obtain 29.8 mg of (4S.5R or S)-3-tert-butoxycarbonyl-4-cyclohexylmethyl-2.2-dimethyl-5- 
[(iRS)-l-hydroxy-2-methyfthioethyl] oxazolidine as white solid. 
Rf: 0.68 (n-hexane/ethyl acetate » 3/1) 



30 

(5) (2RS.3R or S.4S)-4-{l-N-[3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl]norleucyl}amino-5<y 
methylthio-2>pentanediol 

(a) 29.4 mg of (4S.5R or S)-3-tert-butoxycarbonyM^yclohe 

35 2-methylthioethyl]oxazolidine was dissolved in 0.3 ml of dioxane. and 0.42 ml of a dioxane solution. of 3.6 M 
hydrogen chloride was added thereto. From the reaction solution, the solvent was distilled off under 
reduced pressure to obtain 22.5 mg of (2RS.3R or S,4S)-4-amino-5-cyclohexyl-l-methylthio-2,3-pentanediol 
hydrochloride as colorless oily substance. 
Rf: 0.66 (chloroform/methanol/aqueous ammonia * 10/1/0.5) 

40 (b) 18 mg of L-N-[(2S)-3-ethylsulfonyl-2-(l-naphthylmethyl)propionyl]norleucine was dissolved in 0.1 ml 
of dry OMF. Then, 20 ul of triethylamine. 14 ul of DPPA and 0.5 ml of a dry OMF solution of 22.5 mg of 
(2RS.3R or S,4SH-amino-5-cyclohexyl-i-methylthio-2,3-pentanediol hydrochloride, were added under stir- 
ring at -15* C. The mixture was stirred at room temperature overnight. Then. 20 ml of ethyl acetate was 
added to the reaction solution, and the mixture was washed with water and with a saturated sodium chloride 

45 aqueous solution. The ethyl acetate layer was dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off under reduced pressure. The residue was purified by silica gel column chromatography 
(chloroform/methanol * 100/1) to obtain 18.5 mg of the above identified compound as colorless solid. 
Rf: 0.27 (chloroform/methanol = 30/1) 
Mass spectrum m/z 649(M* + 1) 

50 NMR (300 MHz. CDCIs) 

5ppm: 0.85(3H.U = 7.6Hz). 0.80-1.10(2H.m). 1.lO-1.50(9H.m).1^5(3H,t.J »7.6Hz). 1.50-1.92(6H.m). 2.18- 
(3H,s), 2.64-2.98(5H,m), 3.08(1 H,dd,J = 2.1 4Hz) t 3.28-3.66(7H,m), 4.03(1 H,m). 4.24(1 H,m), 4.45- 
(1H,d,J = 3Hz). 6.08(1 H.dJ = 6Hz), 6.46(1 H,d.J«9Hz). 7.20-7.63(4H.m). 7.80(1 H.d, J *8Hz). 7.90- 
(1 H.d.J =* 8Hz) 8.00(1 H,d.J « 8Hz) 

55 

EXAMPLE 22 
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(2S.3R.4S)-4-(L-IH(2S)-3*W^ 
hydroxyetriylamino)-2.3'pentanediol 

(a) 67 mg of (iRSH-[(4S.5RSh3-beruyloxycarbonyl-4<ycloh^ 
oxirane obtained in Example 16 (4)-(a) was dissolved in 2.6 ml of methanol. Then, 12 ul of 2-«thanoiamine 
was added, thereto. The mixture was treated in the same manner as in Example 17. The product was 
purified by silica gel column chromatography (chloroform; methanol » 10/1. 5/1) to obtain 39.7 mg of 
{4S,5RSh3-benzyloxycarbonyM-cyclohexylm^ 
hydroxyethylamino)ethyl]oxazolidine as colorless oily substance. 
Rf: 0.15-0.35 (chloroform/methanol » 5/1) 

fb) 38.5 mg of (4S,5RS)-3-benzyloxycanttnyl-4-cyclohexylm^ 
hydroxyethylaminoethyljoxazolidine was dissolved in 1.5 ml of ethanoi. and palladium black was added 
thereto. The mixture was treated in the same manner as in Example IT to obtain 25.8 mg of (2RS.3RS.4S)- 
4-amino-5-cyclohexyl-i-(2-hydroxyethylamino)-2,3-pentanediol as colorless oily substance. 
Rf: 0.05, 0.08 (chloroform/ methanol/aqueous ammonia = 10/20.2) 

(0 23 mg of L-^H(2S)-3•ethylsulfony^2^1-naphthylmethyl)propionyl}norieucine was dissolved in 0.3 ml 
of dry DMF. Then, 10.4 ul of triethylamine, 16 ul of DPPA and 0.6 mi of a dry DMF solution of 25.8 mg of 
(2RS.3RS.4S>-4-amino-5-cyclohexyl-1-(2-hydroxyethylamino>-2.3-pentanediol were added thereto under stir- 
ring at -15* C. The mixture was treated in the same manner as in Example 16 (5Mb), and the product was 
purified by silica gel column chromatography (chloroform/methanol » 5/1) to obtain 13.1 mg of the above 
identified compound as white powder. 
Rf: 0.30-0.41 (chloroform/methanol = 5/1) 
Mass spectrum (FAB) m/z 662(M* + 1) 
NMR (300 MHz. COCIa) 

5ppm: 0.70-2.20(25H,m). 2.61-2.99(7H,m) 3.08-3.92(11 H.m). 3.99-4. l9(2H,m) 6.90-7.01 (2H,m). 7.28-741- 
(2H.m>. 7.41-7.59<2H,m), 7.75(1 H.d J - 7.9Hz), 7.85(1 H,d J * 7.9Hz). 8.08(1 H.d.J * 7.9Hz) 



EXAMPLE 23 



(2S.3R.4S)-4-{L-N-[(2SV3-ethylsulfony1-2-(l-naphthylmemyl)propionyl}norleucyl}amino-5-cyclohexyl- 
1 -diethylamino-2.3-pentanediol 

(a) 62 mg of (1RS)-l-[(4S.5RS)-3-benzyloxycarbonyl-4-cyclohexylmethyl-2.2-dimethyloxazolidin-5-yl]- 
oxirane obtained in Example 16 (4Ha) was dissolved in 2.6 ml of methanol, and 19 ul of diethyiamine was 
added thereto. The mixture was treated in the same manner as in Example 17. The product was purified by 
silica gel column chromatography (chloroform/methanol * 10/1) to obtain 45.5 mg of (4S.5RSK3- 
benzyloxycarbonyl-4<yclohexylmethyl-2^ as 
colorless oily substance. 

Rf: 0.38 (chloroform/methanol » 10/1) 

(b) 44 mg of (4S.5RS)-3-benzyloxycarbonyl-4-cyc^ 

fdiethylamino)ethyl]oxazolidine was dissolved in 1 .5 ml of ethanoi. and palladium black was added thereto. 
The mixture was treated in the same manner as in Example 17 to obtain 29.5 mg of (2RS,3RS.4SH-ammo- 
5-cyclohexyM-diemylamino-2.3-pentanediol as colorless oily substance. 
Rf: 0.31. 0.41 (chloroform/methanol/aqueous ammonia s 10/20.2) 

(c) 28 mg of L-N-[(2S)-3-ethylsulfonyl-2-(l-naphthylmethyl)propionyl]norleucine was dissolved in 0.3 ml 
of dry DMF, and 12 ul of triethylamine, 18 ul of DPPA and 0.6 ml of a dry DMF solution of 29.5 mg of 
(2RS.3RS.4S)-4-amino-5^:yclohexyl-1-diethylamino-2,3-pentanediol were added thereto under stirring at 
-15* C. The mixture was treated in the same manner as in Example 16 (5Mb). The product was purified by 
silica gel column chromatography (chloroform/methanol = 20/1) to obtain 12.9 mg of the above identified 
compound as white powder. 

Rf: 0.22 (chloroform/methanol * 10/1) 
Mass spectrum (FAB) m/z 674(M* + 1) 
NMR (300 MHz. CDCb) 

appm: 0.85(3H,t,J = 7.1Hz). 1.20(3H,tJ = 7.9Hz), 0.92-1 .93(25H.m), 2.37-2.9 l(8H.m). 3.01- 
(1H.ddJ = 13.7.3.4Hz), 3.2l-3.53(5H,m), 3.53-3.72(1 H,m), 4.1 5-4.31 <2H.m). 5.90-6.39<2H.m), 7.31-7.48- 
(2H.m). 7.48-7.66(2H.m), 7.79(1 H.d;J*7.9Hz). 7.89(1 H.d.J = 7.9Hz). 8.02(1 H.d.J = 7.9Hz) 
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EXAMPLE 24 



(2RS,3RS.4S)^(L^(2S)»3*thylsulfe^ 
s [ethyl(2^ydroxyethyl)amino}-2.3-pentanedio) 

(1) (4S,5RS)-3-benzyloxycafbonyl^ 
Vhydroxyethyl)oxazolidine 

jo 

71 mg of (1 RShH(4S t 5RSh3^nzytoxycart>onyl-4<yciohexylmeth 
oxirane obtained by the process of Example 16 (4>-<a) was dissolved in 2 ml of methanol, and 30 ul of 2- 
ethylaminoethanol was added thereto. The mixture was refiuxed under heating for 7 hours. The solvent was 
distilled off under reduced pressure from the reaction solution. The residue was purified by silica gel 
is column chromatography (chlorofornVmethanol = 30/1) to obtain 84 mg of the above identified compound as 
colorless oily substance. 
Rf: 0.48 (chioroform/methanol = 10/1) 



20 ( 2 ) (2RS,3RS,4SH-(L-N-[(2S)-3-9ftytsutfonyl^ 
Hethyl(2-hydroxyethyl)aminol-2,3-pentanediol 

(a) 83 mg of the compound obtained in step (1) was dissolved in 0.8 ml of ethanol, and palladium black 
was added thereto. The hydrogenation was conducted at room temperature under atmospheric pressure. 

25 The catalyst was removed by filtration, and the solvent was distilled off under reduced pressure to obtain 49 
mg of <2RS ( 3RS.4SM-amino-5^yclohexyl-Hemy^ as colorless oily 

substance. 

(b) 52 mg of L-N-{(2S)-3-ethylsuifonyl-2-(1-naphthylmethyl)propionyl}norleucine was dissolved in 0.3 ml 
of dry DMF. Then. 21 ul of triethylamine and 32 ul of DPPA were sequentially added thereto at -15 C. and 

30 then 0.5 ml of a dry DMF solution of 49 mg of (2RS,3RS.4SH-amino-5-cyclohexyl-i-[ethyK2-hydroxyethyl>- 
amino]-2,3-pentanediol was added thereto. The mixture was stirred at room temperature overnight, and the 
reaction solution was diluted by an addition of 20 ml of ethyl acetate. The organic layer was washed with a 
10% citric acid aqueous solution, with a 4% sodium hydrogencarbonate aqueous solution and with a 
saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was 

35 distilled off under reduced pressure, and the residue was purified by silica gel column chromatography 
(chioroform/methanol * 10/1) to obtain 17.6 mg of the above identified compound as colorless crystals. 
Rf: 0.38 (chioroform/methanol - 10/1) 
Mass spectrum rrVz 690(M * * 1 ) 
NMR (300 MHz, CDCI 3 ) 

40 5ppm: 0.82<3H.t.J = 7.6Hz), 0.80-1. 83<22H,m), 2.46-2.95<8H,m), 3.1 2(1 H.dd.J = 3.14Hz), 3.28-3.72(8H.m). 
4.08-4.1 5(2H.m). 6.00-6.32(2H.m). 7.35-7.60<4H,m). 7.70-7.80(1 H.m). 7.88(1 H.d. J = 8Hz), 7.99(1 H.d.J = 8Hz) 



EXAMPLE 25 

45 

(2RS,3RS,4S)-4-{L-N-[(2S)-3-ethylsulfo^^ 
methyl-2,3-heptanediol 

50 

(1) (3RS,4SH-(tert-butoxycarbonyl)amino-6-methylhepten-3-ol 

(a) 5 g of L-N-tert-butoxycarbonylleucine monohydrate was dissolved in 50 ml of dichloromethane. and 
2.1 g of 3.5-dimethylpyrazote was added thereto. Further. 4.6 g of DCC was added thereto under cooling 
55 with ice. and the mixture was stirred at 0"C for two hours and at room temperature overnight. The 
precipitates were removed by filtration, and the solvent was distilled off under reduced pressure. The 
residue was recrystallized from methanol/water and washed with water to obtain 6.2 g of L-N-tert- 
butoxycarbonylleucine 3.5-dimethylpyrazolide as colorless crystals. 
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Rf: 0.59 (n-hexane/ethyl acetate - 3/1) 

fb) 847 mg of lithium aluminum hydride was suspended in 18 ml of dry THF, and 72 ml of a dry THF 
solution of 6.2 g of L-N-tert-butoxycarbonylleucine 3.5-dimethylpyrazolide was dropwise added over a 
period of 30 minutes at -30 * C under an argon gas atmosphere. Further, the mixture was left at the same 

s temperature for one hour, and then 4.5 ml of 5N hydrochloric acid was added. The insoiubles were 
removed by filtration, the solvent was distilled off under reduced pressure. The residue was dissolved in 
diethyl ether. The organic layer was washed with 1N hydrochloric acid and with a saturated sodium chloride 
aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure to obtain 3.2 g of L-N-tert-butoxycarbonylleucinaJ as slightly yellow oily substance. 

io Rf: 0.51 (n-hexane/ethyl acetate ■ 3/1) 

(c) 3.2 g of L-N-tert-butoxycarbonylleucinal was dissolved in 30 ml of dry THF, and 50 ml of a THF 
solution of 0.98M vinyl magnesium bromide was dropwise added thereto over a period of 30 minutes at 
-78* C under an argon gas atmosphere. The reaction solution was returned to room temperature and further 
stirred overnight The reaction solution was poured into 20 ml of a saturated ammonium chloride aqueous 

is solution and extracted with diethyl ether. The ether layer was washed with a saturated sodium chloride 
aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure. The residue was purified by silica gel column chromatography (n-hexane/ethyt acetate = 5.-1) to 
obtain 1.1 g of (3RS.4S)^{tert-butoxycarbonyl)amino-6^nethylhepten-3-ol as colorless oily substance. 
Rf: 0.40 (n-hexane/ethyl acetate = 3/1) 

20 

(2) (iRSH-[(lRS,2S)-2-(tert-butoxyc^^ 

(a) 1 g of (3RS,4SH^tert-butoxycarbonyl)amino-6-methylhepten-3-ol was dissolved in 2 ml of dry OMF. 

25 and 743 mg of tert-butyldimethylchlorosilane and 700 mg of imidazole were added thereto. The mixture was 
stirred at room temperature overnight Then. 160 ml of ethyl acetate was added to the reaction solution. The 
mixture was washed with cooled 1 N hydrochloric acid, with a saturated sodium hydrogencarbonate aqueous 
solution and a saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chromatog- 

30 raphy (n-hexane/ethyl acetate * 30/1) to obtain 1.21 g of (3RS.4SH-(tert-butoxycarbonyl)amino-3-(tert- 
butyldimethylsi(yl)oxy-6 methylheptene as colorless oily substance. 
Rf : 0.49 (n-hexane/ethyl acetate = 20/1 ) 

fb) 1.2 g of (3RS.4S)^(tert-butoxycait>ony!)a™^ was 
dissolved in 30 ml of dichloromethane, and 22 g of MCPBA was graduaJty added thereto at 0*C. The 

35 temperature was returned to room temperature, and the mixture was stirred for 1 4 hours and then refluxed 
under heating for further 4 hours. 

To the reaction solution. 210 ml of ethyl acetate was added, mixture was washed with a cooled 10% 
sodium sulfite aqueous solution, with a saturated sodium hydrogencarbonate aqueous solution and with a 
saturated sodium chloride aqueous solution. The ethy acetate layer was dried over anhydrous magnesium 

jo sulfate, and the solvent was distilled off under reduced pressure. The residue was purified by silica gel 
column chromatography (n-hexane/ethyl acetate = lOV.i) to obtain 943 mg of (iRS)-i-{(iRS.2S)-2-(tert- 
butoxycarbonyl)amino-l-ftert-butyldimethylsilyl)oxy-4-methylpentyi)oxirane as colorless oily substance. 
Rf: 0.29 (n-hexane/ethy! acetate * 1 0/1 ) 

(c) 873 mg of (1 RSH -[(1 RS.2S)*2-ftert-butoxycarbonyl)amino-i-(tert-butyidimethylsilyl)oxy-4- 

45 methylpentyl]oxirane was dissolved in 4.5 ml of a THF solution of i M tetrabuty (ammonium fluoride, and the 
solution was stirred at 0* C for 30 minutes and at room temperature for 5.5 hours. To the reaction solution. 
100 mi of ethyl acetate was added, and the mixture was washed with water and with a saturated sodium 
chloride aqueous solution. The organic layer was dried over anhydrous magnesium sulfate, and then the 
solvent was distilled off under reduced pressure. The residue was purified by silica gel column chormatog- 

so raphy fn-hexan&ethyl acetate » 5/1) to obtain 520 mg of (iRSH-((lRS.2S>-2*(ten-butoxycarbonyi)amino-i- 
hydroxy-4-methylpentyl]oxirane as colorless oily substance. 
Rf: 0.13 (n-hexane/ethyl acetate = 3/1) 



55 (3) f2RS.3RS.4S>4-(tert-butoxycarbonyl)amino-i-isopropyithio-6-methyl-2.3-heptanedioi 

46.7 mg of (lRSH*t(1RS.2S)-2-(tert-butoxycarbony»)am^ was dis- 

solved in 1.8 ml of methanol, and 50 ul of triethylamine and 33 ul of isopropyimercaptan were added 
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thereto. The mixture was refiuxed under heating for 6 hours. The solvent was distilled off under reduced 
pressure from the reaction solution. The residue was purified by silica gel column chromatography (n- 
hexane/ethyl acetate * 5/1) to obtain 23.7 mg of (2RS t 3RS.4SH-(tert-butoxycart)onyl)amino-Hsopropylt 
hio-6-methyl-2.3-heptanediol as colorless powder. 
5 Rf: 0.42, 0.49 (n-hexane/ethyl acetate ■ 3/1) 



(4) (2RS, 3RS,4S)-4-{L-N-{(2S)-3-ethytsulfon 
iiopropylthio*6-methyl-2 t 3*heptanediol 

w 

(a) 21 mg of (2RS,3RS.4SM^tert-butoxycarbonyl)amino-i-isoprop was 
dissolved in 0.3 ml of dioxane. and 0.32 ml of a 3.6M hydrogen chloride/dioxane solution was added 
thereto. The mixture was stirred at room temperature for 4 hours. The solvent was distilled off under 
reduced pressure from the reaction solution to obtain 16.9 mg of (2RS ( 3RS,4SH-amino-1-isopropylthio-6- 

75 methyl-2,3-heptanediol hydrochloride as colorless oily substance. 
Rf: 0.22 (chloroform/methanol/aqueous ammonia « 10/1/0.2) 

(b) 17.3 mg of L-N^(2S)-3^thylsulfonyl-2-(1-naphthylmethyl)propionyl]norleucine in 02 ml of dry DMF. 
Then, 15 ul of triethy (amine. 11 til of DPPA and 0.5 ml of a dry DMF solution of 16.9 mg of (2RS.3RS.4S)- 
4-amino-i-isopropylthio-6-methyl-2 ? 3-heptanediol hydrochloride, were added thereto under stirring at -15 C. 

20 The mixture was stirred at room temperature overnight Then, 15 ml of ethyl acetate was added to the 
reaction solution, and the mixture was washed with water and with a saturated sodium chloride aqueous 
solution. The organic layer was dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure. The residue was purified by silica gel column chromatography (chloroform/methanol = 
100/1) to obtain 19.0 mg of the above identified compound as colorless powder. 

25 Rf: 0.22 (chloroform/methanol = 50/1) 
Mass spectrum m/z 637(M* + 1) 
NMR (300 MHz, CDCI3) 

Sppm: 0.85(3H,U = 7.8Hz). 0.90(3H.d,J *7.5Hz), 0.96(3H,d.J = 7.5Hz). 1.1 3-1. 40(1 2H,m), 1 .53-1 .90(6H.m). 
222-3 11 (6H.m), 4.09(1 H.dd.J* 7.14Hz). 4.1 4-4.25(1 H.m). 4.40(1H,br s). 6.16(1 H.d.J = 7Hz). 6.44- 
30 (1HAJ-9HZ). 7.3l-7.46(2H.m). 7.49-7.53<2H,m). 7.79(1 H,d.J = 8Hz). 7.89(1 H.d, J =8Hz). 7.99(1 H, d. J = 8Hz) 



EXAMPLE 26 



(2RS,3RS.4S)-4-[L-N-{(2S)-3-ethytsu^ 
thiomorpholino-2.3-heptanediol 

(a) 58.4 mg of (1RSh1-t(lRS,2S)-2-(tert-butoxycarbonyl)amino-1-hydroxy-4-methylpenryl]oxirane ob- 
40 tained in step (2) was dissolved in 2.2 ml of methanol, and 24 ul of thiomorpholine was added thereto. The 

mixture was refiuxed under heating for 3 hours.' The solvent was distilled off under reduced pressure from 
the reaction solution, and the residue was purified by silica gel column chromatography (n-hexane/ethyi 
acetate = 1/1) to obtain 72.7 mg of (2RS t 3RS,4S)-4-(tert-butoxycarbonyl)amino-6-methyl-l-thiomorpholino- 
2.3-heptanedioi as colorless powder. 
45 Rf: 0.15. 0.33 (n-hexane/ethyl acetate = Ul) 

(b) 68 mg of (2RS.3RS.4S)-4-(tert-butoxycarbonyl)amino-6-methyl-i-thiomorpholino-2,3-heptanediol was 
dissolved in 0.5 ml of dioxane. and 1 mi of a 3.6M hydrogen chloride/dioxane solution was added thereto. 
The mixture was stirred at room temperature for two hours. The solvent was distilled off under reduced 
pressure from the reaction solution to obtain 63 mg of (2RS.3RS.4S)-4-amino-6-methyl-i-thiomorpholino- 

50 2.3-heptanediol di hydrochloride as colorless oily substance. 

Rf: 0.38. 0.43 (chloroform/methanol/aqueous ammonia s 10/1/0.2) 

(c) 51.2 mg of L-N-{(2S)-3-ethylsulfonyl-2-(l-naphthylmethyl)propionyl}norleucine was dissolved in 0.3 
ml of dry DMF. Then, 69 ul of triethylamine. 32 ul of DPPA and a dry DMF solution of 63 mg of 
(2RS.3RS.4S)-4-amino-6-methyl-1-thiomorphoiino-2,3-heptanediol dihydrochloride. were added thereto un- 

55 der stirring at -15" C. The mixture was stirred at room temperature overnight Then. 30 ml of ethyl acetate 
was added to the reaction solution, and the mixture was washed with water and with a saturated soidum 
chloride aqueous solution. The ethyl acetate layer was dried over anhydrous magnesium sulfate. Then, the 
solvent was distilled off. and the residue was purified by silica gel column chromatography 
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(chloroform/methanol * 10/1) to obtain 6.7 mg of the above identified compound as colorless powder. 
Rf: 0.38 (chloroform/methanol 3 10/1) 
Mass spectrum m/z 664(M* + 1) 
NMR (300 MHz, CDCb) 

5 5ppm: 0.81<3H.U = 7.6Hz), 0.80-1 .90(1 8H,m), 2.45-2.96(1 2H.m). 3.02-3.76(9H,m), 4.55-4.71 (2H.m). 7.; 
7.63<4H,m>. 7.74-7.91 (2H.m). 8.02(1 H.dJ- 8Hz) 



EXAMPLE 27 

TO 

(2S.3R.4S)-4-[L-N-[(2S or R)-2-ethy Isulfony lmethyl-4-methylpentanoyllnorteucyl1amino-5<yclohexy I- 1 - 
morpholino-2.3-pentanediol 

T5 

(1) Ethyl 2-isobutyl-2-propenoate 

(a) 1.6 g of a sodium hydride dispersion (60% in oil) was washed three times with n-pentane and dried 
by an argon stream. The obtained powder was suspended in 14 ml of dry DMF under an argon stream and 

20 8.97 g of ethyl diethylphosphonoacetate was dropwise added thereto under stirring at 0*C. The mixture 
was stirred at room temperature for one hour and then cooled to 0*C. Then. 6.58 g of l-bromo-2- 
methylpropane was dropwise added under stirring. Then, the mixture was stirred at 55 C overnight. Then, 
80 ml of water was added thereto, and the mixture was extracted with ethyl acetate. The ethyl acetate layer 
was washed with water and with a saturated sodium chloride aqueous solution and dried over anhydrous 

25 sodium sulfate. Then, the solvent was distilled off. The residue was purified by silica gel column 
chromatography (n-hexane/acetone = 4/1) to obtain 7.59 g of ethyl 2-diethylphosphono-4-methylpentanoate 
as colorless oily substance. 
Rf: 0.23 (n-hexane/acetone * 2/1) 
NMR (300 MHz. CDCli) 

30 Spprn: 0.84-0.95(6H). 1 .22-1 .36(9H), 1 .58(1 H.m). 1 .86(1 H.m). 1 .98(1 H.m). 3.02(1 H.m). 4.06-4.25(6H) 

(b) 333 mg of lithium chloride was suspended in 14 ml of dry THF. Then, 2.0 g of ethyl 2- 
diethyfphosphono-4-methylpentanoate was added thereto under stirring. Then. 1.41 g of DBU was added 
thereto in the form of a dry THF solution. Then, a suspension of 348 mg of paraformaldehyde in dry THF 
was added thereto. The mixture was stirred at room temperature overnight. The reaction solution was 

35 subjected to filtration, and the collected substance was washed with a small amount of benzene. The filtrate 
and the washing solution were put together and concentrated under reduced pressure. The syrup thereby 
obtained was dissolved in 60 ml of ethyl acetate. The ethyl acetate layer was washed with water and with a 
saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. Then, solvent was 
distilled off to obtain 700 mg of ethyl 2-isobutyl-2-propenoate as colorless oily substance. 

40 Rf: 0.53 (n-hexan&'ethyl acetate - 20/1) 
NMR (300 MHz. CDdi) 

5ppm: 0.89(6H), 1.30(3H). 1.78(1 H.m), 2.17(2H,m), 4.18(2H.m). 5.47(1 H,s). 6.13(1H,s) 



45 (2) L-N-((2RS)-2-ethylthiomethyl»4-methylpentanoyl]norleucine tert-butyl ester 

(a) 650 mg of ethyl 2-isobutyl-2-propenoate was dissotved in 3 ml of methylmercaptan. and 50 mg of 
potassium tert-butoxide was added thereto. The mixture was stirred at room temperature for two hours. The 
reaction solution was diluted with 60 ml of ethyl acetate, washed with water and then with a saturated 

so sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The solvent was distilled off 
under reduced pressure to obtain 660 mg of ethyl 2-ethylthiomethyl-4-methylpentanoate as colorless oily 
substance. 

Rf: 0.40 (n-hexane/ethyl acetate * 2071) 
NMR (300 MHz. CDCI3) 

55 5ppm: 0.90(6H). 1 .20-1 .34(6H), 1 .48-1 .68(2H), 1 .75(0.5H). 2.00(0.5H). 2.52(2H). 2.59-2.79(3H). 4. 1 5(2H) 

(b) 650 mg of ethyl 2-ethylthiomethyJ-4-methylpentanoate was dissolved in 6 ml of an ethanol/water 
(10/1) solution, 8.9 ml of an ethanot/water (10/1) solution of 2N potassium hydroxide was added thereto. The 
solution was stirred at room temperature for 2.5 hours, and then, the reaction solution was distilled off under 
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reduced pressure to obtain a suspension. To this suspension. 40 ml of water was added, and the react.cn 
solution was adjusted to pH2 with 2N hydrochloric acid under cooling with ice, and extracted with ethyl 
acetate. The ethyl acetate layer was washed with water and then with a saturated sodium chlonde aqueous 
solution and dried over anhydrous sodium sulfate. Then, the solvent was distilled off to obtain 577 mg of 2- 

s ethylthiomethyl-4-methylpentanoic acid as colorless oily substance. 
Rf:0.41 (chloroform/methanol/acetic acid * 10/0.5/0.1) 

(c) 570 mg of 2-ethylthiomethyl-4-methyfpentanoic acid was dissolved in 7 ml of dry DMF, and 618 mg 
of L-norleucine tert-butyl ester. 657 mg of 1 -hydroxy benzotriazole and 860 mg of DCC were added thereto 
at o'C under stirring. The mixture was stirred at room temperature overnight Then, the precipitated 

io dicyciohexyl urea was removed by filtration. The filtrate was diluted with 100 ml of ethyl acetate. The ethyl 
acetate layer was washed sequentially with 10% citric acid aqueous solution, with water, with a 4% sodium 
hydrogencarbonate aqueous solution, with water, with a saturated sodium chloride aqueous solution and 
dried over anhydrous sodium sulfate. The solvent was distilled off. A small amount of chloroform was added 
to the residue, the insolubles were removed twice by filtration. The filtrate thereby obtained was distilled off 

rs under reduced pressure. The residue was purified by silica gel column chromatography (n-hexane/ethyl 
acetate = 20/1) to obtain 679 mg of L-N-[(2RS)-2-ethylthiomethyl-4^nethylpentanoyl]norieucine tert-butyl 
ester. 

Rf: 0.35 (n-hexane/ethyl. acetate » 5/1) 
NMR (300 MHz. CDCfa) 

20 Sppm: 0.8(9H). 1.19-1.43<7H), 1.46(9H) 1.52-1 .73(4H). 1.82(1H), 2.37(1H) 2.45-2.63(3H), 2.78(1H). 4.50(1 H) 
. 6.08(0.5H), 6.16(0.5H) 

(3) (2S,3R.4SM-[L-N-[(2S or R)-2-ethylsulfonylmethy l-4-methy lpentanoyl]norleucy llamino-5-cyclohexy I- 1 - 
25 morpholino-2.3»pentanediol ~~ 

(a) 679 mg of L-N-[(2RS)-2-ehtylthiomethyl-4-methylpentanoyl]norteucine tert-butyl ester was dissolved 
in 10 ml of methanol, and 3.21 ml of a 30% hydrogen peroxide aqueous solution and 62.4 mg of sodium 
tungstate dihydrate were added thereto. The mixture was stirred at room temperature for 2 hours. Then. 42 

30 mg of sodium tungstate dihydrate was further added thereto, and the mixture was stirred at room 
temperature for 4 hours. 100 ml of ethyl acetate was added to the reaction solution, and the ethyl acetate 
layer was washed with water and with a sodium chloride aqueous solution and dried over anhydrous sodium 
sulfate. The solvent was distilled off, and the residue thereby obtained was purified by silica gel column 
chromatography (n-hexane/ethyl acetate = 3/1) to obtain 358 mg of the isomer having a high Rf value of L- 

35 N-(2-ethylsulfonylmethyl-4-methylpentanoyl)norteucine tert-butyl ester and 315 mg of the isomer having a 
low Rf value. 



Isomer having a high Rf value: 

40 

Rf: 0.66 (n-hexane/ethyl acetate = 1/1) 
NMR (300 MHz. CDCb) 

6ppm: 0.85-1 .00(9H). 1 .20-1 .40(7H). 1.46(9Ks). 1 .53-1 .73(4H), 1.80(1 Km). 2.79-3. 06(4H). 3.57- 
(1H.dd.J = 8.15Hz), 4.40(1 H,dt.J = 7.8Hz). 6.27(1 H.d.J *8Hz) 



Isomer having a low Rf value: 

Rf: 0.56 (n-hexane/ethyl acetate » 1/1) 
50 NMR (300 MHz. CDCI3) 

$ppm: 0.85-1 .00(9H), 1 .22-1 .42(7H). 1.47(9H,s). 1 .52-1 .88(5H). 2.80-3.02(4H). 3.60(1 H.m). 4.46(1 H.m), 6.16- 

(1H,d.J = 8Hz) 

(b) 358 mg of the isomer having a high Rf value of L-N-[(2S or R)-2-ethylsulfonylmethyl-4- 
55 methylpentanoyi]norleucine tert-tubyl ester was dissolved in dry dichloromethane, and 1 .5 ml of TFA was 
added thereto. The reaction solution was stirred at room temperature for 1 .5 hours, and then concentrated 
under reduced pressure to obtain a syrup. The syrup was dissolved in benzene, and the solution was 
concentrated under reduced pressure. This operation was repeated. The syrup was crystallized from diethyl 
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ether n-hexane. and evaporated under reduced pressure to dryness to obtain 312 mg of L-N-[(2S or R>-2- 
ethylsulfonylmethyl-4-methylpentanoylJnorleucine as colorless solid. 
Rf: 0.24 (chloroform/methanol/acetic acid « 10/0.5/0.1) 
NMR (300 MHz. CDC! 3 ) 

s 5ppm: 0.85-1. 00(9H) t 1 .20-1 .45(8H) f 1.51-1 .83(3H), 1.93(1H,m). 2.82-3.1 7(4H), 3.62<1H.dd.J«ai5Hz). 4.56- 

<1H.dt.J = 7,8Hz), 6.91(1H,br) 

(c) 25.6 mg of L-N-[(2S or R)-2-ethylsulfonylmethyM-methylpentanoyllnon^ucine was dissolved in 0.5 

ml of dry DMF, and a dry DMF solution of 30.8 mg of triethyiamine. 25.2 mg of OPPA and 38.5 mg of 

(2RS,3R,4S)-4-amino*5-<^clohexyl-l-morpholino-2 f 3-pentanediol dihydrochloride was added thereto at - 
jo 15* c under stirring. The mixture was stirred at the same temperature for one hour and at room temperature 

overnight The reaction solution was diluted with 10 ml of ethyl acetate. The ethyl acetate layer was washed 

with water and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. 

The solvent was distilled off under reduced pressure, and the residue thereby obtained was purified by 

silica gel column chromatography (chloroform/methanol ■ 50/1) to obtain 21.7 mg of (2S.3R.4S)-4-{L-N-[- 
75 (2S or R)-2- ethylsulfonylmethy l-4-methylpentanoy l]norieucyl}amino-5-cyciohexy 1-1 -morpholino-2.3-pen- 

tanediol as colorless solid. 

Rf: 0.51 (chloroform/methanol = 10/1) 

Mass spectrum m/z 604{M* + 1) 

NMR (300 MHz, CDCI 3 ) 

20 Sppm: 0.85-1. 02<9H), 1.08-1.98(25H), 2.46(2H.br), 2.62(1 Kt. J » 1 1 Hz). 2.72-3.06(5^, 3.24(2H.m), 3.38-3.52- 
(2Km), 3.52-3.77(5H), 4.24(2H.m), 4.90(lH.br), 6.1 8(1 H.d.J = 7.1 Hz) 7.12{1H.d.J*8.7Hz) 



EXAMPLE 28 

25 

(2S.3R.4SM-{L-N-{(2S or R)-5-ethy lthio-2-(l -naphthylmethyl)pentanoyl]nor*eucyl)amino-5-cyclohexy 1-1 - 
morpholino-2,3-pentanediol 

30 50.5 mg of L-N-{(2S or R)-5-ethylthio-2-(1-naphthyimethyl)pentanoyi]norleucine was dissolved in 6.5 ml 
of dry DMF, and a dry DMF solution of 58.2 mg of triethyiamine. 47.4 mg of DPPA and 72.3 mg of 
(2RS.3R,4S)-4-amino-5-cyciohexyl-l-morpholino-2.3-pentanediol dihydrochloride was added thereto at - 
15* C under stirring. The mixture was stirred at the same temperature for two hours and at room 
temperature overnight The reaction solution was diluted with 30 ml of ethyl acetate, and the ethyl acetate 

35 layer was washed with water and wtih a saturated sodium chloride aqueous solution and dried over 
anhydrous sodium sulfate. The solvent was distilled off, and the residue thereby obtained was purified by 
silica gel column chromatography (chloroform/methanol = 100/1) to obtain 25.5 mg of the above identified 
compound as colorless solid. 
Rf: 0.50 (chloroform/methanol = 20/1) 

40 NMR (300 MHz. CDCl 3 ) 

Sppm: 0.75-1 .04<5H), 1.04-1.35(1 1H), 1.35-1. 80(1 2H), 1.85<1H.m), 2.38-2.68(8H). 2.78(2H). 3.25- 
(2H.d.J = 7.9Hz). 3.48(2H,m), 3.68(4H), 4^2(2H.m). 4.58(1 H.br). 5.55(1 H.d.J « 7.1 Hz). 5.90(1 H.d.J »8.7Hz). 
7.38(2H.m), 7.54(2H.m>. 7.75(1 H.d.J »7.9Hz). 7.88(1 H.d, J *7.9Hz), 7.96(1 H.d.J »7.9Hz) 



EXAMPLE 29 



f2S,3R,4SH-{L-N-((2S or R)-5-ethylsulfonyl-2-(1-naphthylmethyl)pentanoyl]norleucyl}amino-5-cyclohexyl-i- 
50 morphoiino-2.3-pentanediol 

90 mg of L-N-[(2S or R)-5-ethylsulfonyl-2-(1-naphthylmethyl)pentanoyl]norieucine was dissolved in 0.4 
ml of dry DMF. and 81.4 mg of triethyiamine, 66.3 mg of DPPA and 0.4 ml of a dry DMF solution of 101 mg 
of (2RS,3R.4SV-4*amino-5-cyclohexyl-1-morpholino-2,3-pentanediol dihydrochloride was added thereto at 
55 -15* C under stirring. The mixture was stirred at the same temperature for 2 hours and at room temperature 
overnight The reaction solution was diluted with 50 ml of ethyl acetate, and the ethyl acetate layer was 
washed with water and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium 
sulfate. The solvent was distilled off, and the residue was purified by silica gel column chromatography 
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(chloroform/methanoi = 50/1) to obtain 46.2 mg of the above identified compound as colorless solid. 
Rf:0.5l (chloroform/methanoi = 10/1) 
NMR (300 MHz. CDCh) 

6ppm: 0.76-1 .05(5H), 1 .05-2.02(24H), 2.48(2H.m). 2.62(2H.m). 2.7O-3.00(6H). 3.22(1 H.m). 3.32(1 H.m). 3.48- 
(2H.m). 3.65(4H), 4.22(2H,m). 4.60(1 H.br), 5.84(1 H.d.J* 7.1 Hz), 5.96(1 H,d,J = 8.7Hz). 7.38(2H.m). 7.54- 
(2H,m). 7.76(1 H,d,J*7.9Hz), 7.88(1 H,d,J = 7,9Hz), 7.98(1 H.d J *7.9Hz) 



EXAMPLE 30 



(2S,3R,4S)-4-{L-N-[(2S)-3-emylsulfonyl-2-(^ 
morpholino-2.3-pentanediol 

The condensation reaction was conducted by using 33 mg of L-N-[(2S)-3-ethylsuHonyl*2-(8-quinolyl- 
methyl)propionyl]norleucine which was one of diastereomers. as an acid component and 1 mg of 
(2S,3R ( 4SK-amino-5-cyclohexyl-l-morpholino-2,3-pentanediol dihydrochloride, 51 ul of triethylamine and 
21 ul of OPPA as amine components. The product was purified by silica gel column chromatography 
(chloroform/methanoi/conc. ammonia » 150/3/0.1) to obtain 27 mg of the above identified compound. 
Rf: 0.48 (chloroform/methanoi = 10/1) 



EXAMPLE 31 



(2S,3R.4S)-4-{L-N a -[(2S)-3-ethylsulfonyl-2-(1-nap^ 
morpholino-2.3-pentanediol 

(a) 56.5 mg of L-N a -[(2RS)-3-ethylsulfonyl-2-(1-naphW 

was dissolved in 0.4 mi of dry DMF, 10.4 mg of triethylamine and 28.3 mg of DPPA were added thereto at 
-15' C under stirring. Further. 24.3 mg of triethylamine and 43.1 mg of (2RS,3R.4SH-amino-5-cyclohexyl-1- 
morpholino-2.3-pentanediol.dihydrochloride were added thereto, and the mixture was stirred at the same 
temperature for 1 hour and at room temperature overnight The reaction solution was diluted with 30 ml of 
ethyl acetate, and the ethyl acetate layer was washed with water and with a saturated sodium chloride 
aqueous solution and dried over anhydrous sodium sulfate. Then, the solvent was distilled off. The residue 
was purified by silica gel column chromatography (chloroform/methanoi = 40/1) to obtain 32.3 mg of 
(2S f 3R t 4SM-{L-N a -[(2RSh3-ethylsufo^ 
5-cyclohexyl-i-morpholino-2.3-pentanediol as colorless solid. 
Rf: 0.45, 0.53 (chloroform/methanoi = 10/1) 
Mass spectrum m/z 954(M + 1 ) 

(b) 32.3 mg of (2S,3R,4SM-{L*N a -[(2RS)-3-ethylsultonyl-2-<1 -naphthylmethyl)propionylhN ,m - 
triphenylmethylhistidyl}aminch5-cyclohexyhl*morpholino-2,3-pentanediol was dissolved in 0.4 ml of dich- 
loromethane, and 0.1 ml of TFA was added thereto. The mixture was stirred at room temperature for one 
hour, and then the solvent was distilled off. The residue was dissolved in 1 5 ml of ethyl acetate, and the 
organic layer was washed sequentially with a 4% sodium hydrogencarbonate aqueous solution, with water 
and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The 
solvent was distilled off, and the residue thereby obtained was purified by silica gei column chromatography 
(toiuene/methanol = 10/1) to obtain 19.1 mg of (2S.3R.4S)-4-{L-r^-[(2RSV3-emylsulfonylh2-(1-naphthyl- 
methyl)pentanoyl]histidyl}amino-5-cyclohexyi-i-morpholino-2.3-pentanediol as colorless solid. 

Rf: 0.07. 0.17 (chloroform/methanoi = 10/1) 
Mass spectrum m/z 71 2(M* + 1 ) 
NMR (300 MHz, CDCI 3 ) 

6ppm: 0.62-1. 87(1 6H), 2.48(2H). 2.55-2.95(5H), 3.05(4H,m), 3.25-3.58(5H). 3.58-3.80(5H). 4.10(0.7H,m), 4.19- 
(0.3H,m). 4.43(0.7H.m). 4.53(0.3H.m) t 6.88<0.3H t s), 6.91(0.7H.s). 7.30-7.65(5H), 7.76(1 H), 7.87(1 H). 8.04(1 H) 

(c) 16 mg of (2S,3R.4S)-4-{L-N a -t(2RS)-3-ethylsufo^ 
cyclohexyM-morpholino-2>pentanediol was purified by high performance liquid chromatography (Inertsil, 
OBS, 7.6 x 250 mm) by using a solvent mixture of 0.01 M phospholic actd-triethylamine bufer (pH7)- 
methanol (30-70) to obtain 2.45 mg of (2S.3R,4S)-4-{L-N a -[(2S)-3-ethylsulfonyl-2-(1-naphthylmethyi). 
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propiony]histidyl}arnino-5-cyciohexyl-l-morpholino-2,3-pentanediol as colorless solid. 
Retention time: 29.30 minutes 
Column: Inertsil ODS 7.6 x 250 mm 

Moving phase: 0.01 M phospholic acid-triethylamine (pH7)/methanol = 30/70 
s Verosity: 2.5 ml/min. 
Detector UV (245 nm) 



EXAMPLE 32 

70 

(2S.3R.4S)^{L-N-[(2S)-3^thylsutf^^ 
morpholino-2,3-pentanediol 

75 

(1 ) L-N»((2S)-3^thylsulfonyl-2-(1*naphthylmethyl)pfopionyl]serine 

fa) 72.5 mg of (2RS)-3-ethylthio-2-(1-naphthylmethyl)propionrc acid was dissolved in 0.2 ml of dry DMF. 
and 99 u\ of triethylamine, 77 ul of DPPA and 0.6 ml of a dry OMF solution of 60.4 mg of L-serine ethyl 

20 ester hydrochloride was added thereto at -15* C under stirring. The mixture was stirred at room temperature 
overnight. Then. 50 ml of ethyl acetate was added to the reaction solution, and the mixture was washed with 
water and with a saturated sodium chloride aqueous solution. The ethyl acetate layer was dried over 
anhydrous magnesium sulfate, and then the solvent was distilled off under reduced pressure. The residue 
was purified by silica gel column chromatography (n-hexane/ethyl acetate * 2/1) to obtain 28.8 mg of L-N- 

25 {(2S>-3^thylthio-2-(i-naphthylmethyl)propionyl}serine ethyl ester as colorless powder. 
Rf: 0.32 (n-hexane/ethyl acetate = 1/1) 

(b) 28.8 mg of L-N-{(2S)-3-ethylthio*2-(1-naphthylmethyl)propionyl}serine ethyl ester was dissolved in 
0.4 ml of ethanol, and 0.34 ml of an ethanol/water (10/1) solution of 1N potassium hydroxide was added 
thereto. The mixture was stirred at room temperature for 1.5 hours. Under cooling with ice. IN hydrochloric 

30 acid was added to the reaction solution to adjust the solution to pH2. and the solution was extracted with 
ethyl acetate. The ethyl acetate layer was washed with water and with a saturated sodium chloride aqueous 
solution and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced 
pressure to obtain 26.1 mg of L-N-{(2S)-3-ethylthio-2-(l-naphthylmethyl)propionyl}serine as colorless oily 
substance. 

35 Rf: 0.23 (chloroform/methanoi'acetic acid - 10/1/0.2) 

(c) 26.1 mg of L-N-{(2S)-3-ethylthio-2-(l-naphthylmethyl)propionyl}serine was dissolved in 0.8 ml of 
methanol and 0.14 ml of a 30% hydrogen peroxide aqueous solution and 2.6 mg of sodium tungstate 
dihydrate were added thereto. The mixture was stirred at room temperature for 5.5 hours. 30 ml of ethyl 
acetate was added to the reaction solution, and the mixture was washed sequentially with 1N hydrochloric 

40 acid, with water and with a saturated sodium chloride aqueous solution. The ethyl acetate layer was dried 
over anhydrous magnesium sulfate, and the solvent was distilled off under reduced pressure to obtain 28.3 
mg of L-N-{(2S)-3-ethylsulfonyl-2-(i-naphthylmethyl)propionyl}serine as colorless oily substance. 
Rf: 0.08 (chloroform/methanol/acetrc acid = 10/10.2) 

J5 

(2) (2S.3R.4S)^[l-N-((2S)-3-ethylsulfo^ 
morpholino-2.3-pentanediol 

28.3 mg of L-N-[(2S)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl]serine was dissolved in 0.1 mt of dry 
so DMF. and 44 ul of triethylamine. 22 ul of DPPA and 0.3 ml of a dry DMF solution of 38.1 mg of (2S.3R.4S)- 
4-amino-5-cyclohexyl-i-morphoiino-2.3-pentanediol dihydrochloride was added thereto at -15* C under 
stirring. The mixture was stirred at room temperature overnight. Then. 35 ml of ethyl acetate was added to 
the reaction solution, and the mixture was washed with water and with a saturated sodium chloride aqueous 
solution. The ethyl acetate layer was dried over anhydrous magnesium sulfate, and the solvent was distilled 
55 off under reduced pressure. The residue was purified by silica gel column chromatogrrphy 
* fchloroform/methanol * 30/1 ) to obtain 1 1 .5 mg of the above identified compound as colorless powder. 
Rf: 0.24 (chloroform/methanol » 10/1 ) 
Mass spectrum m/z 662(M * + 1 ) 
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5 



NMR (300 MHz. CDCb) 

Sppm- 0.70-0.98(3H,m). 1 .23<3H.t. J » 7.6Hz), 1. 04-1. 80(1 3H.m). 2.43-2.67(2H.m). 2.68-2.90<4H.m). 2.93-3.21- 
(4H,m), 3.30-3.52<5H,m). 3.58-3.81 <6H,m), 4.l0-427(2H f m), 4.77(1 H.br S). 6.08(1 H.d.J = 8Hz). 6.96- 
(1H,dJ*9Hz), 7.28-7.63(4H.m), 7.79(1 H.d. J = 8Hz). 7.89(1 H.d. J =8Hz), 7.99(1 H.d.J *8Hz) 



EXAMPLE 33 



f0 (2S,3R,4SH-(L-N-[(2S)-3^thyls^ 
morpholino-2,3-pentanediol 



(1 ) L-N-((2RSh3-ethytsulfonyl-2-(l -naphthytmethyl)proptonyl}methionine 

15 

(a) 1.0 g of (2RS)-3-ethylthio-2-(l-naphthylmethyl)propionic acid was dissolved in 36 ml of methanol, 
and 6.1 ml of a 30% hydrogen peroxide aqueous solution and 140 mg of sodium tungstate dihydrate were 
added thereto. The mixture was stirred at room temperature overnight 350 ml of ethyi acetate was added to 
the reaction solution, and the mixture was washed sequentially with IN hydrochloric acid, with water and 

20 with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The 
solvent was distilled off under reduced pressure to obtain 1.08 g of (2RSh3-ethylsulfonyl-2-(l-naphthyl- 
methyl)propionic acid as colorless crystals. 
Rf: 0.47 (chloroform/methanol/acetic acid 3 10/1/0.5) 

(b) 99.2 mg of L-methionine ethyl ester monohydrochloride was dissolved in 1.5 ml of dichloromethane. 
25 and 65 ul of triethylamine was added thereto. Under cooling with ice. 129.9 mg of (2RS)^3-ethylsulfonyl-2- 

(l-naphthylmethyl)propionic acid, 71.5 mg of 1-hydroxybenzotriazole and 99.5 mg of DCC were added 
thereto. The mixture was stirred at room temperature overnight and then, the insolubles substances were 
removed by filtration. The filtrate was diluted with ethyl acetate, washed sequentially with a 10% citric acid 
aqueous solution, with a saturated sodium carbonate aqueous solution and with a saturated sodium chloride 
30 aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and the residue was purified by silica gel column chromatography (chloroform/ethyl acetate = 
3/1) to obtain 51.3 mg of L-r^{(2RSh3^thylsulfonyl-2-(1-naphthylmethyl)propionyl}methionine ethyl ester 
as colorless powder. 

Rf: 0.38. 0.45 (chloroform/ethyl acetate • 5/1) 
as (c) 80 mg of L-N-{(2RS)-3-ethylsulfonyl-2-(1-naphthylmethyi)propionyl}methionine was dissolved in 3.6 
ml of ethanol, and 0.86 ml of an ethanol/water (10/1) solution of 1N potassium hydroxide was added thereto. 
The mixture was washed with water and with a saturated sodium chloride aqueous solution. The ethyl 
acetate layer was dried over anhydrous magnesium sulfate, and the solvent was distilled off under reduced 
pressure to obtain 75.3 mg of L-N-{(2RS)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl}methionine as 

40 colorless crystals. 

Rf: 0.31. 0.43 (chloroform/methanol/acetic acid = 10/1/0.5) 



(2) (2S.3R,4S)^{L-N-((2S)-3^thylsu^ 
45 morpholino-2.3-pentanediol 

75.3 mg of the compound obtained in step (1) was dissolved in 0.5 ml of dry DMF. and 106 ul of 
triethylamine. 56 ul of DPPA and 90.4 mg of (2S,3R,4S)-4-amino-5-cyciohexyi-1-morpholino-2,3-pen- 
tanedioLdihydrochloride were added thereto at -15* C under stirring. The mixture was stirred at room 

so temperature overnight. Ethyl acetate was added to the reaction solution, and the mixture was washed with 
water and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. 
The residue was purified by silica gel column chromatography (chlorotorm/methanol « 20/1), and separated 
and purificated by thin layer chromatography (silica gel plate, developer, chloroform/methanol * 10/1) to 
obtain 12.6 mg of the above identified compound as colorless powder. 

55 Rf.0.41 (chloroform/methanol * 10/1) 
Mass spectrum m/z 706(M* + 1) 
NMR (300 MHz. CDCb) 

appm: 0.80-1 .06(2H,m), 1.06-2.1 0(1 6H,m). 2.03(3H.s), 2.40-2.90(1 0H,m). 3.02(1 H.dd.J = 3.1 4Hz), 3.24-3.78- 



77 



EP 0 309 766 A2 



(12H.m). 4.1 5-4.32(1 H,m). 4.39-4.55(1 H,m), 6.230 H.d.J*9Hz). 6.50(1 H.d.J«6Hz). 7.29-7.63<4H,m). 7.79- 
(1 H.d.J = 8H2). 7.89(1 H.d.J » 8Hz, 8.00(1 H.d.J » 8Hz) 



5 EXAMPLE 34 



(2S.3R.4SH-{L-N^(2S)-3-isopropylsutfony^ 
morpholino-2.3-pentanediol 

10 

(a) The ethyl ester of the above identified compound was obtained in the same manner as in Example 
10 by Michael addition reaction of ethyl 2-(8-quinolylmethyl)acrylate with isopropylmercaptan. The ester 
was subjected to saponification by an ethanoi/water (10/1) solution of 1N potassium hydroxide, and then 3* 
isopropylthio-2-(8-quinolylmethyi)propionic acid as yellow solid (yield: 81%). 

75 NMR (300 MHz, COCIs) 

5ppm: 1.16(3H.d.J*7Hz). 1 .23(3H,d. J = 7Hz), 2.75(1 H,m), 2.8-2.9<2H.m). 3.18(2H.m). 3.87- 
(1H,dd.J» 2.4.15Hz) 

(b) (2RS)-3^sopropylthio-2-{8-quinolylmethyl)propionic acid with leucine tert-butyl ester were condensed 
by a usual OPPA method, followed by oxidation into the sulfonyi compound in methanol/30% hydrogen 

20 peroxide aqueous solution (10/1) in the presence of a sidium tungstate catalyst. The product was purified by 
silica gel column chromatography (n-hexane/ethyl acetate * 1/1) to obtain l-N-[(2RS)-3-isopropyisulfonyl-2- 
(8-qutnolylmethyl)propionyi]leucine tert-butyl ester as colorless transparent syrup. 
Rf: 0.27, 0.30 (n-hexane/ethyl acetate s VI) 

(c) 54 mg of L-N-{(2RS)*3*tsopropylsulfonyl-2-(8-quinolyimethyl)propionyl]leucine tert-butyl ester was 
25 dissolved in 0.8 ml of dichloromethane/TFA (1/1). The solution was concentrated under reduced pressure 

and dried to obtain 45 mg of L-N-((2RS)-3-f$opropylsulfonyl-2-(o^uinolyimethyl)propionyl]leucine as solid. 
This compound was subjected to condensation reaction with (2S.3R,4S)-4-amino-5-cyclohexyl-l« 
morpholino~2.3-pentanediol by a usual DPPA method. The product was purified by silica gel column 
chromatography (chlorofomvmethanol - 50/1) and separated a stereoisomer to obtain 17 mg of the above- 
30 identified compound. 

Rf: 0.46 (chiorofomvmethanol ■ 50/1) 



EXAMPLE 35 

35 

(2S,3R,4$H-{L-N a -t(2S)-3-isopropyisulfinyl*2*(1 -naphthy Imethy l)propionyl]histidyl}amino-5-cyclohexyi- 1 - 
morpholino-2.3-pentanediol 

jo (a) 7 g of sodium hydroxide was dissolved in 30 ml of water. 45 ml of methanol was added thereto and 
throughly mixed therewith, and 6.86 mi of £*mercaptopropionic acid was dropwise added thereto. Then. 
17.43 g of isopropyi bromide was added thereto, and the mixture was stirred at room temperature overnight. 
The isopropyi bromide was gradually dissolved and reacted. The reaction solution was diluted with 120 mi 
of water and washed with 120 ml of diethyl ether. The separated aqueous layer was adjusted to pHi with 

45 cone, hydrochloric acid under cooling with ice, and extracted with ethyl acetate (200 ml x 2, 100 x 1). Then, 
the organic layer was washed with a saturated sodium chloride aqueous solution (100 ml x 2). dried over 
anhydrous magnesium sulfate, and then concentrated under reduced pressure to obtain 9.27 g of syrup of 
3-isopropylthiopropionic acid. 

Rf: 0.43 (chlorofomvmethanol/33% acetic acid * 1 0/1-0.5) 

50 (b) 226 mg of 3-isopropylthiopropionic acid was dissolved in 1.5 ml of dry dichloromethane. 0.22 ml 
(1.0 eq) of triethy (amine was added thereto, and then the mixture was cooled with ice. 0.19 ml of pivaloyl 
chloride was added thereto under stirring to obtain a gelled reaction solution. The reaction solution was 
stirred at 10* C for 10 minutes and then cooled with ice. A dichloromethane solution of lithium amide 
prepared from 270 mg of (4R,5S)-4-methyi-5-phenyl-2-oxazolidinone and 0.96 ml of 1.5M n-butyl lithium 

55 was prepared, and the solution was added to the previous reaction solution under cooling with ice. The 
mixture was stirred at room temperature overnight, and then the reaction solution was diluted with 20 ml of 
chloroform. After washing with 15 ml of a 4% sodium hydrogencarbonate aqueous solution, the chloroform 
solution was dried over anhydrous magnesium sulfate. The chloroform solution was concentrated under 
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reduced pressure, and then purified by silica gel column chromatography (n-hexane/ethyl acetate » 6/1 ) to 
obtain 240 mg of (4R,5Sh3-(3-isopropylthiopropionyl)-4^ethy^ as colorless trans- 

parent syrup (yield: 51%). 

(c) 4.47 g of (4R^S>-3-<3-isopropylthiopropionyl>-4-methyl-5-prienyl-2-oxazolidinone was dissolved in 30 
5 ml of dry THF, 24 ml of tetrahydrofuran solution of lithium diisopropyiamide prepared from 2.36 g of 

diisopropylamine. 20 ml of THF and 14.7 ml of a n-hexane solution of 15% n-butyl lithium, was added 
thereto at -78 * C. The mixture was stirred at -78* C for 30 minutes. 15 ml of a THF solution of 3.57 g of 1- 
(bromomethyl)naphthalene was dropwise added thereto. Then, temperature of the reaction solution was 
raised to -35* C, and the stirring was continued overnight 40 ml of a saturated ammonium chloride aqueous 

io solution was added to the reaction solution to decompose excess anions in the reaction solution. Further, 
the reaction solution was diluted with 40 ml of water and extracted with 200 ml of ethyl acetate. The ethyl 
acetate layer was washed sequentially with 100 ml of a 5% potassium hydrogen sulfate aqueous solution, 
with 100 ml of a 4% sodium hydrogencarbonate aqueous solution and with 100 ml of a saturated sodium 
chloride aqueous solution. The ethyl acetate layer was dried over anydrous sodium sulfate, and then 

75 concentrated under reduced pressure. The resulting syrup was purified by silica gel column chromatog- 
raphy (n-hexane/ethyl acetate = 7/1) to obtain 1.78 g of (4R,5S)-3-{( 2S )* 3 - iso P ro Py ,tnio * 2 *< 1 " 
naphthylmethyl)propionyl}-4-methyl-5-phenyl-2-oxa20lidinone as slightly yellow transparent syrup (yield: 

27%). 

NMR (300 MHz. CDCI 3 ) 

20 fippm: 0.65(3H,d,J = 7.1Hz), 1.14(3H.d.J = 6.5Hz) f 1.20(3H,d,J »6.5Hz), 2.63(1 H.dd.J = 5.7,1 2.6Hz). 2.92- 
(lH,m), 2.95(tH,dd,J«8.9.12.6Hz). 3.41(1 H,dd,J = 9.9.1 3.8Hz), 3.54(1 H.dd J »4.7, 13.8Hz), 4.70<1H.m). 4.77- 
(1H,m), 5.62(1 H,d,J - 7.0Hz) 
Optical purity: 99% (HPLC analysis) 

(d) 45 mg of (4R,5S)-3-{(2S)-3-isopropytthio-2- (l-naphthylmethyl)propionyl}-4-methyl-5-phenyl-2-ox- 
25 azolidinone was dissolved in 0.6 ml of THF. 0.3 ml of a solution of 50 mg/ml lithium hydroxide monohydrate 

was added thereto under cooling with ice. The mixture was stirred at 0 - C for 1 hour and at room 
temperature for 3 hours. Only the THF was concentrated under reduced pressure, and water was added 
thereto. Then, the precipitated norephedrineamide was removed by filtration. The filtrate was adjusted to 
pH1 with 1N hydrochloric acid, and extracted with ethyl acetate (15 ml x 2 times). The ethyl acetate layer 

30 was dried over anhyorous magnesium sulfate, and then concentrated under reduced pressure to obtain 24 
mg (yield: 24%) of a syrup of (2S)-3-isopropylthio-2-(1-naphthylmethyl)propionic acid. This compound was 
condensed with L-N im -triphenylmethylhistidine methyl ester by a usual DPPA method. The product was 
purified to obtain 40 mg of L-N a -{(2S)-3-isopropylmio-2H1-naphmylmethyl)propionyihN im -triphenylmethyl- 
histidine methyl ester as white solid. 

35 Rf: 0.36 (benzene/methanol = 20/1) 

(e) 40 mg of l-N a -[(2S)-3-isopropylthio-2-<1 -naphthylmethy l)propionyl}-N im -triphenylmethy Ihistidine 
methyl ester was dissolved in 0.6 ml of dioxane. 0.3 ml of a 37 mg/ml sodium bromide trihydrate aqueous 
solution was added thereto at room temperature. The reaction solution was stirred at room temperature for 
15 minutes, and then diluted with 20 ml of ethyl acetate. The reaction solution was washed with 8 ml of 

40 water and then with 8 ml of a saturated sodium chloride aqueous solution and dried over anhydrous sodium 
sulfate. The reaction solution was concentrated under reduced pressure to obtain yellow solid. This product 
was saponified with a solution of 0.4N potassium hydroxide in methanol/water (10/1) to obtain 40 mg of L- 
N°-((2Sh3-isopropylsulfinyl-2-(1-naph^ (Rf: 0.48, 

chloroform/methanol/33% acetic acid a 10/1/0.2). This compound was condensed in the same manner as 

45 in Example 11 with (2S.3R.4S)-4-amino-5-cyclohexyl-l-morphoiino-2,3-pentanedioi by a usual DPPA meth- 
od, further subjected to removal of a triphenylmethyl group by dichloromethane/TFA (3/4). The product was 
purified by silica gel column chromatography (chloroform/methanol/conc. aqueous ammonia = 30/3/0.02) to 
obtain 20 mg of (2S,3R.4S)-4-{L-N a -{(2S)-3-isopropylsuffi 
cyclohexyt-i-morphoiino-2.3-pentanedio! as white solid. 

50 Rf: 0.28, 0.27 (chloroform/methanol/conc. aqueous ammonia * 10/1/0.5) 



EXAMPLE 36 

55 

(2S,3R.4S)-4-{L-N-((2S or R)-3-(2-hydroxyethyl)su»onyl-2-(1-naphthylmethyl)propionyl)norleucyl}amino-5- 
cyclohexyl*i-morpholino-2r3-pentanedioi 



79 



EP 0 309 766 A2 



(1) (2RS)»3-(2-hydroxyethyl)thich2*(1*napmhylmettiyl)propionic acid 

(a) 32 g of a sodium hydride dispersion (60% in oil) was washed three times with n-pentane and dried 
in an argon stream. The resulting powder was suspended in 30 ml of dry OMF under an argon stream, and 

5 17.9 g of ethyl diethyiphosphono acetate was dropwise added thereto over a period of 1 hour at 0 C under 
stirring. The mixture was stirred at room temperature for 1 hour and cooled to 0 C. 17.0 g of 1- 
chloromethylnaphthalene was dropwise added thereto over a period of 50 minutes under stirring. The 
mixture was stirred at 55* C overnight Then. 160 ml of water was added to the reaction solution, and the 
mixture was extracted with ethyl acetate (80 ml x 3 times). The ethyl acetate layer was washed with a 

70 saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The solvent was 
distilled off. and the syrup thereby obtained was purified by silica gel column chromatography (n- 
hexane/ethyl acetate = 2/3) to obtain 28 J g of ethyl 2-diethylphosphono-3-(i naphthyOpropionate as 
colorless oily substance. 
Rf: 0.37 (n-hexane/ethyl acetate ■ 1/2) 

is fb) 1.92 g of lithium chloride was suspended in 50 ml of dry THF. and 15 g of ethyl 2- 
diethylphosphono-3-0 -naphthyOpropionate was dropwise added thereto. Then. 16 mi of a 50% dry THF 
solution of DBU was dropwise added thereto, and 2.01 g of paraformaldehyde suspended in dry THF was 
added thereto. The mixture was stirred at room temperature for 3 hours, and the insolubles were removed 
by filtration and washed with a small amount of diethyl ether. The washing solution and and the filtrate were 

20 put together, and the solvent was distilled off. The resulting syrup was dissolved in 180 ml of diethyl ether. 
The diethyl ether layer was washed sequentially with a 10% citric acid aqueous solution, with water and 
with a saturated sodium chloride aqueous solution and dried over anhydride sodium sulfate. The solvent 
was distilled off. and the syrup thereby obtained was purified by silica gel column chromatography (n- 
hexane/diethyl ether * 20/1) to obtain 6.48 g of ethyl 2-<l -naphthy l)methyl-2-propenoate as colorless oily 

25 substance. 

Rf: 0.45 (n-hexane/ethyl acetate = 10/1) 
NMR (300 MHz, CDCb) 

*ppm: 1.33<3H,tJ=6,9Hz), 4.10(2H.s), 4.27(2H.q,J = 6.9Hz), 5.16<1H.d.J = 1.5Hz>. 6.24(1 H.d. J « 1.5Hz). 7.35- 
(1 H,d,J = 8Hz), 7.40-7.52(3H), 7.78(2H.d.J =8Hz>, 7.82-7.95(2H) 

30 (c) 2.04 g of ethyl 2«(1-naphthyl)methyl-2-propenoate was dissolved in 714 ul of 2-mercaptoethanol. and 
102 mg of potassium tert-butoxide was added thereto at room temperature under stirring. The mixture was 
stirred at room temperature for 15 minutes. 500 til of 2-mercaptoethanol was added thereto and the mixture 
was stirred for 15 minutes. Then, the reaction solution was diluted with 150 ml of diethyl ether. The diethyl 
ether layer was washed with water and with a saturated sodium chloride aqueous solution and dried over 

35 anhydrous sodium sulfate. The solvent was distilled off to obtain 2.81 g of ethyl (2RS)-3-(2-hydroxyethyD- 
thio-2-(l-naphthylmethyl)propionate as colorless oily substance. 
Rf: 0.43 (n-hexane/ethyl acetate a M) 
NMR (300 MHz, CDCb) 

*ppm: 1.08(3H,tJ»7.5Hz). 2.40(1 H.br). 2.63(2H.t,J = 5.9Hz), 2.69(1 Km). 2.84(1 Km). 3.04(1 H.m). 3.35- 
40 (2H.m), 3.61 (2H,U« 5.9Hz). 4.04(2H.q.J = 7.5Hz). 7.30(2H.m>. 7.48(2H,m). 7.70(1 H.d J -7 .9Hz). 782- 
(1 H.d.J = 7.9Hz). 8.00(1 H.d.J = 7.9Hz) 

(d) 151 mg of ethyl (2RS)-3 (2-hydroxyethyl)thio-2-( 1 -naphthy I methyl propionate was dissolved in 0.9 ml 
of a solution of ethanol/water (10/1). and 1. 18 ml of a solution of 2N potassium hydroxide in ethanoi water 
(10M) was added thereto. The mixture was stirred at room temperature for 2 hours, and then the reaction 
45 solution was concentrated under reduced pressure. To the concentrated solution, water was added and the 
reaction solution was adujusted to pH2 with 2N hydrochloric acid at 0* C under stirring, and extracted with 
ethyl acetate. The ethyl acetate layer was washed with water and with a saturated sodium chloride aqueous 
solution and dried over anhydrous sodium sulfate. Then, the solvent, was distilled off. and the residue 
thereby obtained was purified by silica gel column chromatography (chloroform/ethyl acetate acetic acid = 
so 6/3 0.1) to obtain 82 mg of (2RS)-3-(2-hydroxyethyl)thio-2-(l-naphthylmethyl)propionate as colorless solid. 
Rf: 0.28 (chloroform/methanol/acetic acid » 10/0.5/0.1) 
NMR (300 MHz. COCb) 

5ppm: 2.68(2H.tJ = 5.7Hz). 2.74(1H.m). 2.86<1H.m). 3.14<1H.m). 3.33(1 H.dd J » 6.3.1 3.8Hz). 3.57- 
(1 H.dd J = 6.3.1 3.8Hz). 3.64(2H.t.J » 5.7Hz), 7.38(2H.m). 7.52(2H.m). 7.77(1 H.d.J »7 2Hz). 7 88- 
55 (1 H.dd J * 1 .8,7.8Hz), 8.60(1 H.d, J = 8.4Hz) 



(2) (2S,3R.4S)-4-{L-N-[(2S or R)-3-(2-hydroxyethyl)suifonyl-2-(l -naphthy lmethyl)propionyllnorteucyi}amino- 
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5-cyclohexyM -morpholino-2,3-pentanediol 

(a) 80 mg of (2RS)-3-(2-hydroxyethyl)mio-2-(1-naphthylmethyl)pfopionic acid was dissolved in 0.7 ml of 
dry DMF. 56.9 mg of L-norleucine tert-butyl ester, 68.6 mg of 1-hydroxybenzotriazole and 792 mg of OCC 

5 were added thereto at O'C under stirring. The mixture was stirred at room temperature overnight. The 
precipitated dicyclohexyl urea was removed by filtration, and the filtrate was diluted with 20 mi of ethyl 
acetate. The ethyl acetate layer was washed sequentially with a 10% citric acid aqueous solution, with water 
and with a saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. Then, the 
solvent was distilled off, and the residue was purified by silica gel column chromatography (chloroform/ethyl 

io acetate = 7/1) to obtain 35.7 mg of the isomer having a high Rf value of L*N-{(2RS)-3-(2-hydroxyethyl)thio- 
2-(l-naphthyimethyl)propionyl]norleucine tert-butyl ester, and 15.9 mg of the isomer having a low Rf value 
and 32.3 mg of the mixture thereof. 

75 Isomer having a high Rf value: 

Rf: 0.60 (chloroform/ethyl acetate = 1/1) 
NMR (300 MHz, CDCla) 

$ppm: 0.85(3H.t,J»7.1Hz). 1.00-2.00(15H), 2.64<2H,U»5.1Hz), 2.68-2.84(3H), 2.96(1H,m), 3.32(2H,m), 3.66- 
20 <2H,d,J = 5.1Hz). 4.35<1H.m), 6.1 0(1 H,d,J = 7.9Hz), 7.26-7.40{2H) 7.44-7.60(2H), 7.72(1 H,d.J = 7.9Hz) t 7.84- 
(1H.d,J* 7.9Hz), 8.04(1 H,d,J = 7.9Hz) 



Isomer having a low Rf value: 

25 

Rf: 0.52 (chloroform/ethyl acetate - 1/1) 

(b) 359 mg of the isomer having a high Rf value of L-N-[3-(2-hydroxyethyl)thio-2-(l-naphthylmethyl)- 
propionyljnorleucine tert-butyl ester was dissolved in 5 ml of methanol, and 1 .33 ml of a 30% hydrogen 

30 peroxide aqueous solution and 25.7 mg of sodium tungstate dihydrate were added thereto. The mixture was 
stirred at room temperature for 2 hours. The reaction solution was diluted with 50 ml of ethyl acetate, and 
the mixture was washed with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous sodium sulfate. The solvent was distilled off to obtain 332 mg of L-N-{(2S or. R>-3-(2- 
hydroxyethyl)sulfonyl-2-(1-naphthylmethyl)propionyl]norieucine tert-butyl ester. 

as Rf: 0.34 (chloroform/ethyl acetate - 1/1) 
NMR (300 MHz, CDCI 3 ) 

Sppm: 0.86(3H.t,J = 7.1Hz), 1 .05-1 .35(4H), 1.40(9H,s), 1.54-1 .82(3H), 3.02-3.24(3H) ( 3.24-3.50(3H). 3.92-4.06- 
(3H), 4.26(1 H.m). 6.05(1 H,d,J = 7.9Hz). 7.28-7.42(2H). 7.48-7.63(2H). 7.76(1 H.d.J = 7.9Hz), 7.88- 
(1 H.d.J » 7.9Hz), 8.01 (1 H,d,J « 7.9Hz) 

40 (c) 315 mg of L-N-{(2S or R)-3-(2-hydroxyethyl)sulfonyl-2-(i-naphthylmethyl)propionyl]norleucine tert- 
butyl ester was dissolved in 2 ml of dry dichloromethane, and 1 ml of TFA was added thereto. The mixture 
was stirred at room temperature for three hours. The solvent was distilled off. The residue was recrystallized 
from ethyl acetate to obtain 267 mg of L-N-[(2S or R)-3-(2-hydroxyethyl)sulfonyl-2-(l-naphthylmethyt)- 
propionyl]norieucine as colorless solid. 

45 Rf: 0.23 (chloroform/methanol/acetic acid = 10/0.5/0.1) 

(d) 50 mg of L-N-[(2S or R)-3-(2-hydroxyethyl)sulfonyl-2-(1-naphthylmethyl)propionyl]norleucine was 
dissolved in 0.2 ml of dry DMF. and 28.2 mg of 1 -hydroxybenzotriazoie and 33.2 mg of OCC were added 
thereto at 0*C under stirring. Then, 55.2 mg of (2RS,3R,4S)-4-amino-5-cyclohexyi-l-morpholino-2,3-pen- 
tanediol dihydrochloride was dissolved in 02 mi of dry DMF, and 31.1 mg of triethylamine was added 

so thereto for neutralization. This mixture was added to the previous reaction solution, and the mixture was 
stirred at 0*C for two hours and at room temperature overnight The precipitated dicyclohexyl urea was 
removed by filtration, and the filtrate was diluted with 10 ml of ethyl acetate. The ethyl acetate layer was 
washed sequentially with a 4% sodium hydrogencarbonate aqueous solution, with water and with a 
saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. Then, the solvent was 

55 distilled off. The residue was purified by silica gel column chromatography (chlorofrom/methanol * 20/1) to 
obtain 20.1 mg of (2S.3R,4$)-4-{L-N-K2S or R)-3-(2-hydroxyethyl)sulfonyl- 2-(l-naphthylmethyl)propionyl]- 
norleucyl}amino-5-cyclohexyl-l-morpholino-2,3-pentanediol as colorless solid. 
Rf: 0.31 (chloroform/methanol = 1071) 
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Mass spectrum m/z 704(M + 1 ) 
NMR (300 MHz, CDCh) 

5 P pm: 0J4-1 .10(4H). 1.10-1.40(4H). 1.40-1 .82(1 4H). 2.50<2H). 2.58-2.83(4H) t 3.09<2H.m). 3.24- 
<lH.dd.J = 2.7,14.0Hz). 3.31-3.53(6H). 3.69(4H). 3.81 (IH.dd.J* 8.3,1 4.0Hz). 3.98(2H ( tJ m 10.3Hz), 4.17<1H.m). 
s 4.62(1H.br). 5.98(1H,s). 4.26(1H,m), 6.10(2H,d.J»7.9Hz). 7.31-7.50(2H). 7.50-7.65(2H). 7.81<1H,d.J -7.9Hz). 
7.91 (1 H.d.J = 7.9Hz). 8.02(1 H.d.J = 7.9Hz) 



EXAMPLE 37 

10 

(2S,3R.4SH-{L-N-[(2S)-2-benzyl-3-ethyfsuifo^^ 
pentanediot 

15 

d ) Ethyl (2RS)-2-benzyl-3-ethylthiopropionate 

(a) 2.1 g of sodium hydride (60% in oil) was suspended in OMR and 10 g of ethyl diethyl- 
phosphonoacetate was dropwise added thereto at -20 * C under argon atmosphere. The mixture was stirred 

20 at room temperature for 30 minutes, and then 9.2 g of benzyl bromide was added thereto at 0 C. The 
mixture was stirred at 50 "C overnight. The reaction solution was poured into a saturated ammonium 
chloride aqueous solution, and extracted with ethyl acetate. The ethyl acetate layer was washed with a 
saturated sodium chloride aqueous solution, and then dried over anhydrous magnesium sulfate. The solvent 
was distilled off under reduced pressure. The residue was purified by silica gel column chromatography <n- 

25 hexane/acetone * 6/1) to obtain 5.7 g of ethyl 2-diethylphosphono-3-phenylpropionate as colorless oily 
substance. 

Rf: 0.32 (n-hexane/acetone = 3/1) 

(b) 1.0 g of lithium chloride was suspended in 20 ml of THF, and 5 g of ethyl 2-diethylphosphono-3- 
phenylpropionate was dropwise added thereto. The mixture was stirred at room temperature for seven 

30 minutes. Then, 3.6 ml of DBU was added thereto and further 11 minutes later, a suspension of 0.72 g of 
paraformaldehyde in THF (20 ml) was added thereto at 0* C. The mixture was stirred at room temperature 
overnight. Then, the mixture was neutralized with 1N hydrochloric acid, and water and ethyl acetate were 
added thereto. The organic layer was separted. and washed with a saturated sodium chloride aqueous 
solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure. 

35 and the residue was purified by silica gel column chromatography (n-hexaneethyl acetate = 20/1) to obtain 
2.4 g of ethyl 2-benzylacryiate as colortess oily substance. 
Rf: 0.54 (n-hexane/ethyl acetate » 15/1) 

(c) To 1.95 g of ethyl 2-benzylacrylate. 1 ml of ethylmercaptan. and 20 mg of potassium tert-butoxide 
was added thereto under cooling with ice. The mixture was stirred at room temperature for one hour. Then. 

40 ethyl acetate was added to the reaction solution, and the mixture was washed sequentially with IN 
hydrochloric acid, with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 2.5 g of 
the above identified compound as slightly yellow oily substance. 
Rf: 0.32 (n-hexane/ethyl acetate - 1 5* 1 ) 

45 

(2) L-N-[(2RS)-2-benzyl-3-ethylsulfonylpropionyl1norleucine benzyl ester 

(a) 1 g of ethyl (2RS)-2-benzy!-3-ethylthiopropionate was dissolved in 4 ml of ethanol/water (9/1), and 8 
so ml of 2N potassium hydroxide in ethanoi/water (9/1 ) was added thereto. The mixture was stirred at room 

temperature for 4 hours. The reaction solution was neutralized with 2N hydrochloric acid. Then, ethanol was 
distilled off under reduced pressure, and the residual solution was adjusted to pH2 with 2N hydrochionc 
acid and extracted with ethyl acetate. The extract was washed with water and with a saturated sodium 
chloride aqueous solution and then, dried over anhydrous magnesium sulfate. The solvent was distilled off 
55 under reduced pressure to obtain 0.9 g of a carboxyiic acid as slightly yellow oily substance. 
Rf: 0.40 (benzene/methanol/acetic acid = 20/1/0.5) 

(b) 520 mg of the carboxyiic acid obtained in step (a) and 1.0 g of L-norleucine benzyl ester p- 
toiuenesulfonate were dissolved in 10 ml of DMF, and 600 ul of DPPA and 744 ul of triethyiamine were 
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added thereto at -15' C. The mixture was stirred at <f C for three hours and further at room temperature 
overnight. Then, ethyl acetate was added to the reaction solution, and the mixture was washed sequentially 
with a 4% sodium hydrogencarbonate aqueous solution, with water, with 1N hydrochloric acid, with water 
and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then. 

s the solvent was distilled off under reduced pressure, and the residue thereby obtained was purified by silica 
gel column chromatography (n-hexane/ethyl acetate = 6/1) to obtain 891 mg of L-N-«2RS>-2-benzyl-3- 
ethylthiopropionyljnorleucine benzyl ester as colorless powder. 
Rf: 0.31 (n-hexane/ethyl acetate » 4/1) 

(c) 300 mg of the L-N-acylnorleucine benzyl ester obtained in step (b) was dissolved in 10 ml of 

to methanol, and 1 ml of a 30% hydrogen peroxide aqueous solution and 20 mg of sodium tungstate were 
added thereto. The mixture was stirred at room temperature overnight. The reaction solution was diluted 
with ethyl acetate, washed with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 325 mg 
of the above identified compound as colorless powder. 

;s Rf: 0.23 (n-hexane/ethyl acetate = 2/1) 

(3) (2S.3R,4S)-4-{L-N-[(2S)-2-benzyl-3-e^ 
2l3-pentanediot 

20 

(a) 320 mg of the suifone compound obtained in step (2) was dissolved in 5 ml of ethanol, and 
subjected to hydrogenation at room temperature under an atmospheric pressure for 2 hours by an addition 
of palladium black. The catalyst was removed by filtration. Then, the filtrate was concentrated under 
reduced pressure to dryness to obtain 265 mg of a carboxylic acid as colorless powder. 

25 Rf: 0.05, 0.14 (n-hexane/ethyl acetate/acetic acid « 6/6/0.1) 

(b) 100 mg of the carboxylic acid obtained in step (a). 97.3 mg of (2S,3R,4S)-4.amino-5-cyclohexyM- 
morpholino-2,3-pentanediol dihydrochloride and 120 mg of benzotriazolyl-N-hydroxytns(dimethylamino)- 
phosphonium hexafluorophosphate (hereinafter referred to simply as BOP reagent) were dissolved in 2 ml 
of DMF, and 114 ul of triethylamine was dropwise added thereto at -10* C. The mixture was stirred at 8 C 

30 overnight. Then, ethyl acetate was added to the reaction solution, and the mixture was washed sequentially 
with a 4% sodium hydrogencarbonate aqueous solution, with water and with a sodium chloride aqueous 
solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, 
and the residue was purified by silica gel column chromatography (chloroforrrvmethanol » 60/1) to obtain 
31 mg of the above identified compound as colorless powder from the first fraction. Further. 75 mg of an 

35 optical isomer thereof was obtained as colorless powder from the second fraction. 
Rf: 0.39 (chloroform/methanol = 20/1 ) 
Mass spectrum m/z 638(M* + 1) 



40 EXAMPLE 38 



(2S,3R.4S)-4-{L-N-[(2S)-3-tert-butylsulfonyl-2-(i-naphthylmethyl)propionyljnorieucyl}a 
morpholino-2.3-pentanediol ^^^^^m 

(1) L-N^2*(1*naphthylmethyl)acryloyllnorieucine tert-butyl ester 

(a) 469 mg of L-N-[(2R)-3-hydroxy-2-(l-naphthylmethyl)propionyl]norleucine tert-butyl ester was dis- 
50 solved in 5 ml of dichioromethane. and 175 mg of methanesulfonyl chtonde and 262 ul of triethylamine 

were dropwise added thereto. The mixture was stirred at 8 # C overnight. Then, ethyl acetate was added 
thereto, and the mixture was washed sequentially with water and with a saturated sodium chloride aqueous 
solution. The organic layer was dried over anhydrous magnesium sulfate, and then the solvent was distilled 
off under reduced pressure to obtain 566 mg of L-N-{(2S)-3-mesyloxy-2-(l-naphthyimethyl)propionyl]- 
55 norleucine tert-butyl ester as slightly yellow oily substance. 
Rf: 0, 55 (n-hexane/ethyl acetate = 1/1) 

(b) 22 mg of the Omesyl compound obtained in step (a) was dissolved in 0.3 ml of chloroform, and 28 
ul of DBU was added thereto. The mixture was heated at 45 *C overnight. 8.3 ul of acetic acid and ethyl 
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acetate were added to the reaction solution, and the mixture was washed with water and with a saturated 
sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, the solvent was 
distilled off under reduced pressure to obtain 17.4 mg of the above identified compound as slightly yellow 
oily substance. 
5 Rf: 0.68 (n-hexane/ethyl acetate = 2/1) 
NMR (300 MHz, CDC! 3 ) 

3ppm: 1.50(9H.s). 4.08(1 H,d.J = 177Hz). 4.16(1H.d.J = 16.2Hz). 4.53-4.60(1 H.m). 5.0K1H.S). 5.72(lH.s) 

to (2) L«N4(2S)*3-tert-^utylsulfonyl*2»(1'naphthylmethyl)propionyl]norleucine tert-butyl ester 

(a) To 365 mg of the exo-methylene compound obtained in step (1), 1.0 ml oHert-butylmercaptan and 
15 mg of potassium tert-butoxide were added, and the mixture was heated at 40* C for 30 minutes. Ethyl 
acetate was added to the reaction solution, and the mixture was adjusted to pH6 with acetic acid. The 
75 mixture was washed with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure to obtain 400 mg of L- 
N-[(2RS)-3-tert-butylthio-2-(1-naphthyimethyl)propionyl]norleucine tert-butyl ester as slightly yellow oily sub- 
stance. 

Rf: 0.35 (n-hexane/ethyl acetate = 4/1) 

20 (b) 400 mg of the sulfide compound obtained in step (a) was dissolved in 10 ml of methanol, and 1 ml 
of a 30% hydrogen peroxide aqueous solution and 20 mg of sodium tungstate dihydrate were added 
thereto. Methanol was distilled off under redcued pressure for concentration. To the residual solution, water 
and ethyl acetate were added, and the organic layer was separated. The organic layer was washed with 
water and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. 

25 The solvent was distilled off under reduced pressure to obtain 373 mg of a mixture of optical isomers of a 
su If one compound as colorless solid. 

The optical isomers were separated and purified by silica gel column chromatography (n-hexane^ethyl 
acetate ■ 6/1) to obtain 126 mg of the above identified compound from the first fraction as colorless 
powder. - 

30 Rf: 0.37 (n-hexane/ethyl acetate = 2/1) 

(Z) (2S.3R,4SH-{L-N-[(2Sh3-tert-butylsutf 
Wnorpholino-2,3-pentanediol 

35 

<a> 123 mg of the sulfone compound obtained in step (2) was dissolved in 2 ml of formic acid, and the 
solution was stirred at room temperature for 30 minutes. The reaction solution was concentrated under 
reduced pressure to dryness to obtain 116 mg of a carboxylic acid as colorless solid. 
Rf: 0.47 (benzene/methanol/acetic acid = 20/1/0.25) 

40 fb) 30 mg of the above carboxylic acid of the above step (a). 24 mg of (2S.3R.4S)-4-amino-5- 
cyclohexyi-r-morpholino-2,3-pentanediol dihydrochloride and 30 mg of BOP reagent were dissolved in 1 ml 
of DMF. 29 ul of triethylamine was added thereto under cooling with ice. and the mixture was stirred at 
room temperature for 5 hours and further at 8 # C overnight. The reaction solution was diluted with ethyl 
acetate, washed sequentially with a 4% sodium hydrogencarbonate aqueous solution, with water and with a 

45 saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, the solvent 
was distilled off under reduced pressure, and the residue thereby obtained was purified by silica gel column 
chromatography (chloroform/methanol = 50/1) to obtain 44 mg of the above identified compound as 
colorless powder. 

Rf: 0.30 (chloroform, methanol » 20/1) 
so Mass spectrum rrvz 716(M* * 1) 



EXAMPLE 39 

55 

(2S,3R.4S)-4-[L-N-(2S)-H[(2S)-N-ber^ 

propionyl]norleucyl]amino-5-cyclohexyt'l-morpholino-2.3-pentanediol 



84 



EP 0 309 766 A2 



(1) L-N-benzyloxycarbonylprolinol 

5 g of L-N-benzyloxycarbonylproline was dissolved in 100 ml of OMR 8.1 mi of ethyl iodide and 3.4 g 
of sodium hydrogencarbonate were added thereto. The mixture was stirred at room temperature for 24 
hours. Then, water was added to the reaction solution, and extracted with ethyl acetate. The ethyl acetate 
layer was washed with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium 
sulfate. Then, the solvent was distilled off under reduced pressure. The residue thereby obtained was 
dissolved in a solvent mixture of 72 ml of ethanol and 48 ml of THF. and reacted at room temperature for 
two hours by an addition of 228 g of sodium borohydride and 225 g of lithium chloride. 3.45 ml of acetic 
acid was added to the reaction solution, and the mixture was concentrated under reduced pressure to 
dryness. Water and ethyl acetate were added to the residue, and the organic layer was speparated, washed 
with water and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced pressure to obtain 3.57 g of the above identified 
compound as colorless oily substance. 
Rf: 0.23 (n-hexane/ethyl acetate 



(2) (2S)*2"(acetylthiomethyl)-N-ben2yloxycarbonylpyrrolidine 

(a) 2 g of the N-protected prolinol compound obtained in step (1) was dissolved in 40 ml of 
dichloromethane, and 870 u\ of methane sulfonyl chloride and 1.9 ml of triethylamine were added thereto at 
0' C. The mixture was stirred at room temperature for 1 hour. Then, the reaction solution was poured into 
water, and the organic layer was separated. The organic layer was washed with water and with a saturated 
soiurri chloride aqueous solution and dried oyer anhydrous magnesium sulfate. Then, the solvent was 
distilled off under reduced pressure to obtain 2.8 g of L-N-benzyloxycarbonyW-mesylprolinol as slightly 
yellow oily substance. 

Rf: 0.36 (n-hexane/ethyl acetate * 1/1) 

(b) 555 mg of sodium hydride (60% in oil) was suspended in 15 ml of DMF, and 1.2 ml of thtoacetic 
acid was dropwise added thereto at -15* C under an argon atmosphere. The mixture was stirred at the 
same temperature for ten minutes, and then a solution of 2.8 g of the mesyl compound obtained in step (a) 
in DMF (10 ml) was dropwise added thereto at -15* C. The mixture was stirred at room temperature 
overnight. Then, the reaction solution was poured into a saturated ammonium chloride aqueous solution and 
extracted with ethyl acetate. The ethyl acetate layer was washed with water and with a saturated sodium 
chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and the residue thereby obtained was purified by silica gel column chromatography (n- 
hexane/ethyl acetate = 4/1) to obtain 1.06 g of the above identified compound as slightly yellow oily 
substance. Further, 1 .53 g of the O-mesyi compound was recovered. 

Rf: 0.49 (n-hexane/ethyl acetate = 2/1) 



(3) L-N-[(2RS)-3"[[(2S>-N-ben2yloxycarbonyl-2-pyrroiidinyl]methyilthio-2-(l*naphthylmethyl)propionyih 
norleucine tert-butyl ester 

21 1 mg of the thio ester obtbined in step (2) was dissolved in 2 mi of methanol, and a solution of 41 mg 
of sodium methoxide in methanol (1 ml) was dropwise added thereto at 0' C under an argon atmosphere. 
The mixture was stirred at room temperature for 15 minutes. Then, 42 ul of acetic acid was added to the 
reaction solution, and the mixture was concentrated under reduced pressure to dryness. To the residue, 
water and ethyl acetate were added, and the organic layer was separated. The organic layer was washed 
with water and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium 
sulfate. The solvent was distilled off under reduced pressure. The residue was dissolved in 2 ml of DMF, 
and a solution of 250 mg of L-N-[2-(1-naphthymethyl)acryloyllnorleucine tert-butyl ester in DMF (1 ml) and 
20 mg of potassium tert-butoxide were added thereto. The mixture was stirred at room temperature for one 
hour and at 40* C for one hour. Then, the reaction solution was washed with water and with a saturated 
sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled 
off under reduced pressure, and the residue was purified by silica gel column chromatography (n- 
hexane/ethyl acetate = 5/1. and then 2/1) to obtain 218 mg of the above identified compound from the 
second fraction. Further, 106 mg of the exo-methylene compound was recovered from the first fraction. 
Rf: 0.53 (n-hexane/ethyl acetate = 1/1) 
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(4) (2S,3R,4SH-[t-NW2S)-3-ff(2ShN^enzyto^ 
^pionyl]norleucyi]amino*5*cyclohexyl*i-morpholino-2.3*pentanediol 

(a) 200 mg of the sulfide compound obtained in step (3) was dissolved in 10 ml of methanol and 1 ml 
5 of a 30% hydrogen peroxide aqueous solution and 20 mg of sodium tungstate dihydrate were added 

thereto. The mixture was stirred at room temperature overnight The reaction solution was concentrated 
under reduced pressure to dryness to obtain 209 mg of a sulfone compound as colorless oily substance. 
Rf: 0.26 (n-hexane/ethyl acetate = 2/1) 

(b) 209 mg of the sulfone compound obtained in step (a) was dissolved in 2 ml of formic acid, and 
ro reacted at room temperature for one hour. The reaction solution was concentrated under reduced pressure 

to dryness to obtain 191 mg of a carboxylic acid as colorless powder. 
Rf: 0.26, 0.29 (benzene/methanol/acetic acid 3 10/V0.25) 

(c) 140 mg of the carboxylic acid obtained in step (b), mg of (2S,3R.4SH-amino-5<yciohexyM- 
morphoiino-2.3-pentanedioi dihyrochloride and 106 mg of BOP reagent were dissolved in 2 ml of OMF, and 

75 100 ul of triethylamine was dropwise added thereto at -10* C. The mixture was stirred at room temperature 
for 5 hours and at 8* C overnight. Then, ethyl acetate was added to the reaction solution, and the mixture 
was washed sequentially with a 4% sodium hydrogencarbonate aqueous solution, with water and with a 
saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was 
distilled off under reduced pressure, and the residue was purified by silica gel column chromatography 

20 (chloroform/methanol - 60/1 ) to obtain 28 mg of the above identified compound from the first fraction as 
colorless powder. Further, 75 mg of the optical isomer was obtained from the second fraction as colorless 
powder. 

Rf: 0.33 (chloroform/methanol = 20/1 ) 
Mass spectrum nrvz 877(M* + 1 ) 

25 

EXAMPLE 40 

30 (2S,3R,4S)^{L-N-[(2S)-2-n-naphthylm^ 
1 «morpholino»2,3-pentanediot 

f1) L-N-[(2S)*2*n*naphthylmethyl)'3-(pyrimidin-2-yl)thiopropionyl]norleucine tert-butyl ester 

35 

86.4 mg (2.2 eq) of 2-mercoptopyrimidine was dissolved in 1 ml of dry DMF. and 16.8 mg (2 eq) of 
sodium hydride (60% in oil) was added thereto. The mixture was stirred at room temperature for 30 
minutes, and 193 mg of L-N-[(2R)-2-(l-naphthylmethyl)-3-(p-toluenesulfonyloxy)propionyl]norleucine tert- 
butyl ester dissolved in 1 ml of dry DMF was added thereto. The mixture was stirred at room temperature 

40 for five hours. About 50 ml of water was added to the reaction solution and the mixture was extracted with 
ethyl acetate. The organic layer was washed with a saturated sodium chloride aqueous solution and dried 
over anhydrous magnesium sulfate. The organic layer was subjected to filtration, concentration and 
purification by silica gel column chromatography (n-hexane/ethyt acete = 3/1) to obtain 138.3 mg (yield: 
80%) of the above identified compound. 

45 Rt 0.29 (n-hexaneethyt acetate = 3'1) 
NMR (300 MHz. GOOD) 

5ppm: 0.88(3H.t). i.28(4H.m). 1 39(9Ks). 1,62(2H.m). £32(5H.m). 4.20(1 H.dd), 7.03(1 H.t). 7.38(2H.d), 7.48- 
(2H.m). 7.74(1 H,t). 7.87(1 Kd). 8.19(1 H.d), 8.35(2H.d) 

50 

(2) L*N-((2S)-2-fi-naphthyimethyl)-3-pyrimidin«2-yl)thiopropionyl]norieucine 

70 mg of the L-N-[(2S)-2-{l-naphthylmethyl>-3*(pyrimidin-2*yl)thiopropionyl}norieucine tert*butyl ester 
obtained in step O) was dissolved in 2 mi of dry dichloromethane, and 0.5 ml of TFA was added thereto. 
55 The mixture was stirred at room temperature for 4 hours. Further. 1 ml of TFA was added thereto, and the 
mixture was stirred at room temperature for 2 hours. Benzene was added to the reaction solution, and the 
solvent was distilled off. The same operation was repeated three times. The residue was dried under 
reduced pressure to obtain 61.5 mg (yield: 100%) of the above identified compound. 
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Rf: 0.18 (benzene/methanol/acetic acid = 20/1/0.5) 
NMR (300 MHz, CD 3 OD) 

5ppm: 0.93(3H.t). 1.39(4H.m). 1.95(2H.m), 3.20(2H,m). 3.55(1 H.dd). 3.65(1 H.dd). 3.97(1 H.dd). 4.32(1 H.dd). 
7.40(5H,m), 7.78(1 H,d). 7.88(1^*1), 8.10(1 H.m), 8.58(2H t d) 



(3) (2S,3R,4SH-{L-N-[(2$h2-(1-naphthylme^ 
cyclohexy 1-1 -morpholino-2,3-pentanediol 

592 mg of L-NH(2Sh2^1-naphthyimethyl)-3^yrimidin-2-yl)thiopropionyl]norieucine was dissolved in 1 
ml of dry DMF. and cooled with an ice bath. Then, 58.2 mg (12 eq) of (2S.3R4S)^amino-5<yciohexyM- 
morphoiino-2,3-pentanediol dihydrochloride dissolved in 1 ml of dry DMF was added thereto, and 35 ul (1-2 
eq) of DPPA and 65 ul (3.4 eq) of triethytamine were added thereto. The mixture was stirred at 
temperatures of 0 to 4* C for 2.5 days. Excess ethyl acetate was added to the reaction solution. The organic 
layer was washed with a sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. 
Then, the organic layer was purified by silica gel column chromatography (chlorofomVmethanol = 50/1, and 
then 20/1) twice to obtain 20.8 mg (yield: 22%) of the above identified compound. 
Rf: 0.26 (chioroform/methanol « 20/1) 
Mass spectrum m/z 706{M* + 1) 
IR (KBr) 

rem"': 1390, 1460, 1560, 1645. 2850, 2930, 3300, 3450 
NMR (300 MHz, CDCI3) 

5ppm: 0.83(3H,t), 1.20<10H,m). 1.60(9H,m), 2.49(2H.m). 2.62(1 H.m), 2.78<3H.m). 3.08(1 H.m). 3.44<7H.m). 
2.70(4H t m). 4.22(2H,m), 4.59(1 H.br s). 5.91 (2H,m), 6.98(1 H,t). 7.47(4H,m). 7.75(1 H.m). 7.87(1 H.m). 8.15- 
(lH,m), 8.46(2H,d) 



EXAMPLE 41 

(2S,3R,4S)^{L-N-((2S)-2-(1-naphmy^ 
cyclohexy l-i-morpholino-2,3-pentanediol 



(1) L-N-[(2S)-2»(1 -naphthyimethyl)-3-(pyrimidin*2-yl)sulfonylpropionyl]norleucine tert-butyl ester 

100 mg of L-N-{(2S)-2-(l-naphthylmethyl)-3-(pyrimidin-2-yl)thiopropionyl]norleucine tert-butyl ester ob- 
tained in step (1) of Example 40, was dissolved in 1 ml of acetic acid, and 600 ul of a 30% hydrogen 
peroxide aqueous solution. The mixture was stirred at room temperature overnight About 20 ml of benzene 
was added to the reaction solution, and the solvent was distilled off under redcued pressure. The azeotropic 
operation with benzene was repeated four times. The product was purified by silica gel column chromatog- 
raphy (n-hexane/ethyl acetate = 1/3, 1/5 and 0/100) to obtain 52.2 mg (yield: 50%) of the above identified 
compound. 

Rf: 0.33 (n-hexane/ethyl acetate = 1/3) 

NMR (300 MHz, COCI3) 

Sppm: 0.88(3H,t). 1 .28(4H.m), 1 .40(9H.s). 1.69(2H.m). 3.30(3H,m). 3.49(1H,dd). 4.l2(lH,dd). 4.29(1H,dd). 
6.l0(1H,d). 7.32(3H,m), 7.49(2H,m). 7.70(1 H.d), 7.82(1 H,d), 7.85(1 H.d). 8.62(2H,d) 



(2) L«N-t(2S)-2-(1-naphthylmethyl)-3-(pyrimidin-2-yl)sulfonylpropionyl]norjeucine 

130 mg of L-N-[(2S)-2-(1-naphthylmethyl)-3-(pyrimidin-2-yl)sutfonylpropionyl]norleucine tert-butyl ester 
was dissolved in 2 mi of dry dichloromethane. and 1 ml of TFA was added thereto. The mixture was stirred 
at room temperature for 1.5 hours. Benzene was added to the reaction solution, and the solvent was 
distilled off under reduced pressure. This operation was repeated four times. The product was dried under 
reduced pressure to obtain 113 mg (yield: 97%) of the above identified compound. 
Rf: 0.09 (benzene/methanol/acetic acid = 20/1/0.5) 
NMR (300 MHz, CD 3 OD) 
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Sppm: 0.93(3H.t), 1.39(4H.m). 1.75(2H,m). 3.20(1H.dd), 3.65(1H.dd). 3.97(1H.dd>. 4.32<1H,dd). 7.40(5H.m). 
7.78(1 H.d). 7.88(1 H,m), 8.10(1H,m), 8.58(2H.d) 

O) (2S,3R,4S)^{L-NK(2SH1-naphtty)meW 
cyclohexyi-l-morpholinQ«2.3-pentanediol 

110 mg of L-r^[(2S)-2^1-naphthylmemyl)-3^ was dissolved in 

2 ml of dry DMF. The mixture was cooled with an ice bath. Then. 101 mg (1.2 eq) of (2S.3R.4S>-4.amino-5- 
cyclohexyl-1"morpholino-2.3-pentanediol dihydrochloride dissolved in 2 mi of dry DMF was added thereto, 
and 61 ul (1.2 eq) of DPPA and 112 ul (3.4 eq) of triethylamine were added thereto. The mixture was 
stirred at temperatures of 0 to 4* C for 2.5 days. The aftertreatment was conducted in the same manner as 
in step (2) of Example 40, and the product was purified by silica gel column chromatography 
(chlorofornvmethanol » 20/1) to obtain S4.3 mg (yield: 37%) of the above identified compound. 
Rf: 0.2 (chloroform/methanol 3 20/1) 
Mass spectrum m/z 738(M* +1) 
IR (KBr) 

vcm-': 1120(SO 2 ). 1320(S02), 1390. 1460, 1540, 1560, 1655, 2850, 2930. 3400 
NMR (300 MHz. CDCI 3 ) 

3ppm: 0.87{3H.t), 1.25(10H,m). 1.60(9H,m), 2.48(2H,m). 2.62(1H.m), 2.75(3H.m), 3.29<2H,m>, 3.46(3H.m). 
3.65<5H,m). 3.99(1 H,m), 4.25<2H.m) ( 4.60(1 H.br s), 6.02(1 H.d). 6.27(1 H,d>. 7.29<2H.m). 7.39(1 H.t). 7.52- 
(2H.mj, 7.74(1 H.d). 7.88(2H,m). 8.55(2H.d) 



EXAMPLE 42 



(2S.3R.4S)^{L-N-[(2S)-2-(1-naphthylmethyl)-3'(pyrimidin-2-yl)sulfinylpropionyl]norleucyl}amino-5- 
cyclohexyH-morpholino-2,3-pentanediol 



(1) L -N-[(2Sh2-(1 -naphthylmethyl)-3*(pyrimidin-2-yl)sulfinylpropionyl]norleucine tert-butyl ester 

60 mg of the L-N-[(2S)-2-(1-naphthylmethyl>-3-(pyrimidin-2-yl)thiopropionyl]norieucine tert-butyl ester 
obtained in step (1) of Example 40 was dissolved in 0.4 ml of acetic acid, and 27 ul (2 eq) of a 30% 
hydrogen peroxide aqueous solution was added thereto. The mixture was stirred at room temperature 
overnight To the reaction solution, about 20 ml of benzene was added, and the solvent was distilled off. 
The azeotropic operation with benzene was repeated 4 times. Then, the product was purified by silica gel 
column chromatography (n-hexane/ethyl acetate = 1 3. and 0/100) to obtain 38.7 mg (yield: 63.3%) of the 
above identified compound. 
Rf: 0.07 (n-hexane/ethyl acetate = 13) 



(2) L-N-[(2S)-2-(1-naphthylmethyl)*3-(pyrimidin*2*yl)sulfinylpropionyl]norteucine 

58 mg of L-N-{(2S)-2-(1-naphthy1methyl)-3-(pyrimid^^ tert-butyl ester 

was dissolved in 1 ml of dichloromethane. and 0.5 ml of TFA was added thereto. The mixture was stirred at 
room temperature for 1.5 hours. The aftertreatment was conducted in the same manner as in step (3) of 
Example 41 to obtain 52 mg (yield: 100%) of the above identified compound. 
Rf: 0.06 (benzene/methanot/acetic acid 8 20/1 '0.5) 

(3) (2S.3R,4S)^{L-N^(2S)-2-(1^aphthy^ 
cyclohexyM-morpholino-2.3-pentanediol 

51.7 mg of L*N-[(2Sh2^1^aprithylmethyl)-3^pyrimidin-2-yl)sulfinylpropionylJnorteucine was dissolved in 
1 ml of dry DMF, and the solution was cooled with an ice bath". Then. 49 mg (1.2 eq) of (2S.3R.4SM 
amino-5-cyclohexyl-i-morpholino-2 f 3-pentanediol dihydrochloride dissolved in 1 ml of dry DMF was added 
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to the solution and 29 ul (1.2 eq) of DPPA and 55 ul (3.4 eq) of triethylamine were further added thereto. 
The mixture was stirred at 4* C for 2.5 days. The aftertreatment was conducted in the same manner as in 
step (2) of Example 40, and the product was purified by silica gel column chromatography 
(chloroform/methanol = 40/1) to obtain 31.5 mg of Isomer A and 16.2 mg of Isomer B of the above 
5 identified compound, respectively. 



Isomer A 

io Rf: 0^8 (chloroform/methanol = 2071) 
Mass spectrum m/z 722(M* + 1) 
IR (KBr) 

rem" 1 : 1060(SO), 1390. 1460. 1560, 1650. 2860, 2930, 3300. 3420 
NMR (300 MHz. CDCI 3 ) 

15 5ppm: 0.91 (1H ( t), 1. 0-2.0(1 9H.m). 2.41(2H.m) ( 2.58(1 H t t), 2.82(4H,m). 3.27(3H.m), 3.45(5H.m), 3.64(3H,m). 
4.22(1 H.m), 4.35(1 H.m). 4.71(1H,br s). 6.37(1 H.t). 6.60(1 H.t). 7.09(1 H.d). 7.32(1 H.t), 745(2H.m). 7.61 (2H,m). 
7.72(1 H,m), 7.97(1 H.m), 8.01 (2H,d) 



20 Isomer B 

Rf: 0.23 (chloroform/methanol = 20/1) 
Mass spectrum m/z 722(M* + 1) 
IR (KBr) 

25 rem" 1 : 1060(SO), 1380. 1460. 1540. 1560. 1650. 2850. 2920, 3300, 3420 
NMR (300 MHz, COCb) 

6ppm: 0.83(3H.t). l.20(2H.m). l.65(8H.m). 2.47(2H,m). 2.62(1 H.m), 2.76(3H,m). 3.45{6H.m). 3.64(6H.m). 
3.89(1 H,m), 4.32(1 H.m), 4.68(1 H.s), 6.07(1 H,d), 6.14(1 H f d), 7.39(3H,m), 7.57(2H,m), 7.77(1 H.d). 7.88(1 H.d). 
8.03(1 H.d). 8.80(2H.d) 



EXAMPLE 43 



35 (2S,3R.4S)-HL-N-[(2S)-2-(l-naphthylmemyl)-3-[[(2S)-2-pyrrolidinyl]methyl]su^ 
norleucyl}amino-5-cyclohexyt-l»morpholino»2,3"pentanedioi dihydrochioride 

21.6 mg of the N-benzytoxycarbonyl compound obtained in step (4) of Example 39 was dissolved in 2 
ml of ethanol. The hydrogenation was conducted at room temperature under an atmospheric pressure for 2 

40 hours by an addition of palladium black. The catalyst was removed by filtration. 55 ul of 1 N hydrochloric 
acid was added to the filtrate, and the mixture was concentrated under reduced pressure to dryness. The 
residue was crystallized by an addition of diethyl ether to obtain 20.4 mg of the above identified compound 
as colorless powder. 
Rf: 0.63 (chloroform/methanol = 5/1 ) 

45 Mass spectrum m/z 743(M * + 1 ) 



EXAMPLE 44 

50 

(2S,3R,4S)»4-{L-N-((2S)-2-benzyl-3-(pyrimidi^ 
morpholino-2.3-pentanediol 



55 (1) L-N-[(2RS)-2»ethoxycarbonyl»3-phenylpropionyl]norleucine tert-butyl ester 

5 g of diethyl benzylmalonate was dissolved in 15 ml of ethanol, and an ethanol solution (12 ml) of 1.15 
g of potassium hydroxide . was dropwise added thereto. The mixture was stirred at room temperature 
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overnight. Then, the reaction solution was concentrated under reduced pressure to dryness. The residue 
was dissolved in water and extracted with diethyl ether. The aqueous layer wis adjusted to pH2 with IN 
hydrochloric acid and extracted with diethyl ether. The diethyl ether layer was washed with a saturated 
sodium chloride aqueous solution and then dried over anhydrous magnesium sulfate. The solvent was 

5 distilled off under reduced pressure to obtain 3.7 g of a half ester as colorless oily substance. 

1 g of the half ester was dissolved in 10 ml of OMF. and a DMF solution (15 ml) of 1.45 g of DPPA was 
added thereto. A DMF solution (15 ml) of 927 mg of L-norieucine tert-butyl ester containing 659 ul of 
triethylamine was dropwise added thereto at -5* C. The mixture was stirred at -5* C for 2 hours and further 
at room temperature overnight Then, ethyl acetate was added to the reaction solution, and the mixture was 

io washed sequentially with 0.5N hydrochloric acid, with a 4% sodium hydrogencarbonate aqueous solution, 
with water and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium 
sulfate. Then, the solvent was distilled off under reduced pressure to obtain 1.99 g of the above identified 
compound as colorless powder. 
Rf: 0.47 (n-hexane/ethyl acetate = 3/1) 



is 



30 



(2) L-N-f(2RS)-2-benzyt-3-hydroxypropionyl]norleucine tert-buty* ester 



1.8 g of the L-N-acytnorleucine obtained in step (1) was dissolved in a solvent mixture of 20 ml of 
20 ethanol and 15 ml of THF, and 210 mg of sodium borohydride and 240 mg of lithium chloride were added 
thereto. The mixture was stirred at room temperature for 2 hours. Then, 53 mg of sodium borohydride and 
60 mg of lithium chloride were further added thereto. The mixture was stirred at room temperature for 2 
hours. Then, 396 u\ of acetic acid was added thereto, and the mixture was concentrated under reduced 
pressure. To the residue, water and ethyl acetate was added, and the ethyl acetate layer was separated. 
25 The ethyl acetate layer was washed with a saturated sodium chloride aqueous solution and dried over 
anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to obtain 1.7 g of 
the above identified compound as colorless powder. 
Rf: 0.24. 0.31 (n-hexane/ethyl acetate ■ 4*3) 



(3) L-N-{(2S)-2"benzyl*3*(pyrimidin-2»yl)sulfonylpropionyl1norleucine tert-butyl ester 



(a) 400 mg of the alcohol compound obtained in step (2) was dissolved in 6 ml of dichioromethane. and 
116 ul of methanesulfonyl chloride and 224 ul of triethylamine were dropwise added thereto at -5 C. The 

35 mixture was stirred at room temperature for one hour. Then, the reaction solution was diluted with ethyl 
acetate. The mixture was washed with water and with a saturated sodium chloride aqueous solution and 
dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure to 
obtain 538 mg of L-N-[(2RS)-2-benzyl-3-mesyloxypropiony]norteucine tert-butyl ester as colorless solid. 
Rf: 0.37 (n-hexane/ethyl acetate * 2/1) 

jo (b) 55 mg of sodium hydride (60% in oil) was suspended in 3 ml of DMF. and a DMF suspension (3 ml) 
of 154 mg of 2-mercaptopyrimidine was added thereto at -5*C under an argon atmosphere The mixture 
was stirred at room temperature for 20 minutes. Then, a DMF solution (4 ml) of 500 mg of O-mesyl 
compound obtained in step (a) was dropwise added thereto at -5*C. The mixture was stirred at room 
temperature for three hours, and then the reaction solution was poured into a saturated ammonium chloride 

45 aqueous solution and extracted with ethyl acetate. The ethyl acetate layer was washed with a saturated 
sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled 
off under reduced pressure, and the residue was purified by silica gel column chromatography <n- 
hexane/ethyl acetate « 5*1) to obtain 100 mg of L-N-((2S>-2-ben2yi-3-(pyrimtdin-2*yi)thiopropionyl]- 
norleucine tert-butyl ester as colorless powder from the first fraction. 

so Rf: 0.50 (n-hexane/ethyl acetate = 4/3) 

(c) 95 mg of the sulfide compound obtained in step (b) was dissolved in 4 ml of methanol, and 0.4 ml of 
a 30% hydrogen peroxide aqueous solution and 10 mg of sodium tungstate dihyarate were added thereto. 
The mixture was stirred at room temperature overnight. To the reaction solution., water was added, and 
methanol was distilled off under reduced pressure. To the residue, water and ethyl acetate were added, and 

55 the organic layer was separated. The organic layer was washed with a saturated sodium chionde aqueous 
solution and dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced 
pressure, and the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate » 4,3) 
to obtain 69 mg of the above identified compound as colorless powder. 
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Rf: 0.19 (n-hexane/ethyl acetate » 1/1) 

(4) (2S,3R,4S)^{L-N-[(2S)-2-benzyl-3^pyrimidi^^ 
5 morpholino-2,3-pentanediol 

(a) 63.6 mg of the sulfone compound obtained in step (3) was dissolved in 1 ml of dichloromethane, 
and 0.5 ml of TFA was added thereto. The mixture was stirred at room temperature for 30 minutes. Further. 
0.5 ml of TFA was added thereto, and the mixture was stirred at room temperature for 30 minutes. Then, 

to the reaction solution was concentrated under reduced pressure to dryness. Azeotropic evaporation with 
benzene was repeated twice to obtain 54.9 mg of a carboxylic acid as slightly yellow solid. 
Rf: 0.10 (benzene/methanol/acetic acid ■ 2071/0.5) 

(b) 54.9 mg of the carboxylic acid obtained in step (a). 48 mg of (2S,3R,4S>-4-amino-5-cyciohexyM- 
morpholino-2,3-pentanediol dihydrochloride and 60 mg of BOP reagent were dissolved in 2 ml of DMF. and 

is 56 ul of triethylamine was added thereto at -5*C. The mixture was stirred at -5'C for 30 minutes and 
further at 8* C overnight. Then, to the reaction solution, ethyl acetate was added. The mixture was washed 
with a 4% sodium hydrogencarbonate aqueous solution and with a saturated sodium chloride aqueous 
solution and dried over anhydrous magnesium sutfate. The solvent was distilled off under reduced pressure, 
and the residue was purified by silica gel column chromatography (chloroform/methanoi « 60/1) to obtain 

20 60.5 mg of the above identified compound as colorless powder. 
Rf: 0.21 (chloroform/methanoi - 20/1) 
Mass spectrum m/z 688(M* + 1) 



25 EXAMPLE 45 



(2S,3R,4S)^{L-0-acetyl-N^(2S)-3^thylsulfo^ 
cyclohexyH-morpholino-2,3-pentanediol 

30 

(1) L-O-acetyi-N-tert-butoxycarbonylhomoserine benzyl ester 

(a) 117 mg of L-homoserine was dissolved in 3 ml of ethanol/water (2/1), and 0.99 ml of a 1N sodium 
35 hydroxide aqueous solution was added thereto. Then, 1 ml of a THF solution of 240 mg of di-tert-butyl 

dicarbonate was added thereto. The mixture was stirred at room temperature overnight The unreacted 
reagent was extracted from the reaction solution with diethyl ether, and the residual aqueous layer was 
adjusted to pH2 by an addition of 1N hydrochloric acid under cooling with ice. The aqueous layer was 
extracted with ethyl acetate, and the ethyl acetate layer was dried over anhydrous magnersium sulfate. 
40 Then, the solvent was distilled off under redcued pressure to obtain .210 mg of L-N-tert-butoxycarbonyl- 
homoserine as colorless oily substance. 
Rf: 0.22 (chloroform/methanol/acetic acid = 10/1/0.2) 

(b) 210 mg of L-N-tert-butoxycarbonylhomoserine was dissolved in 3 ml of ethanol. and 0.96 ml of a 1N 
sodium hydroxide aqueous solution was added thereto. The mixture was stirred at room temperature (or 

45 one day. The solvent of the reaction solution was distilled off under reduced pressure, and the residue was 
dissolved in 3 ml of DMF. 132 ul of benzyl bromide was added to the solution, and the mixture was stirred 
at room temperature overnight The reaction solution was diluted with 30 ml of ethyl acetate. The mixture 
was washed sequentially with a saturated sodium hydrogencarbonate aqueous solution, with water and with 
a saturated sodium chloride aqueous solution and dried over magnesium sutfate. The solvent was distilled 

so off under reduced pressure, and the residue was purified by silica gel column chromatography (n- 
hexane/ethyl acetate * 1/1) to obtain 266 mg of L-N-tert-butoxycarbonylhomoserine benzyl ester as 
colorless oily substance. 
Rf: 0.55 (n-hexane/ethyl acetate a 1/2) 

(c) 266 mg of L*N-tert-butoxycarbonymomoserine benzyl ester was dissolved in 3 ml of pyridine, and 2 
55 mi of acetic anhydride was added thereto. The mixture was stirred at room temperature for 18 hours. The 

reaction solution was poured into ice water and extracted with ethyl acetate. The mixture was washed 
sequentially with a 1N hydrochloric acid, with a saturated sodium hydrogencarbonate aqueous solution and 
with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, the 
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solvent was distilled off under reduced pressure, and the residue was purified by silica gel column 
chromatography (n-hexane/ethyl acetate = 3/1) to obtain 273 mg of L-0-acetyl-N-tert-butoxycart»nyi- 
homoserine benzyl ester as colorless oily substance. 
Rf: 0.34 (n-hexane/ethyl acetate - 2/1) 

5 

(2) L-O-acetylhomoserine benzyl ester hydrochloride 

215 mg of L-O-acetyl-N-tert-butoxycarbonylhomoserine benzyl ester was dissolved in 2 ml of dioxane, 
io and 3.4 ml of a 3.6M hydrogen chloride/dioxane solution was added thereto under cooling with ice. The 
mixture was stirred at room temperature for 2.5 hours. The reaction solution was subjected to distillation 
under reduced pressure for removal of the solvent to obtain 174 mg of L-O-acetylhomoserine benzyl ester 
hydrochloride as colorless oily substance. 
Rf: 0.75 (chloroform/methanol/aqueous ammonia = 10/1/0.5) 

75 

(3) L-Q-acetyl-N-{(2SV3^thylsutfony^ 

(a) 128 mg of (2RS)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionic acid was dissolved in 0.3 ml of DMF. 
20 and 78 mg of 1-hydroxybenzotriazole and 103 mg of DCC were sequentially added thereto under cooling 

with ice. A solution of 174 mg of L-O-acetylhomoserine benzyl ester hydrochloride dissolved in 0.5 ml of 
DMF and neutralized with 86 Ltl of triethylamine. was added thereto. The temperature was returned to room 
temperature, and the mixture was stirred overnight. The insoiubles were removed from the reaction solution 
by filtration. The filtrate was diluted with ethyl acetate, washed with 1N hydrochloric acid, with a saturated 

25 sodium hydrogencarbonate aqueous solution and with a saturated sodium chloride aqueous solution and 
dried over anhydrous magnesium sulfate. Then, the solvent was distilled off under reduced pressure, and 
the resioue was purified by silica gel column chromatography (n-hexane/ethyl acetate 3 1'1> to obtain 55.6 
mg of L-0-acetyl-N-{(2S)-3-ethylsulfdnyl-2-(1-naphthylmethyl)propionyl}homoserine benzyl ester as color- 
less crystals. 

30 Rf: 0.50 (n-hexane/ethyl acetate s 1/2) 

(b) 55.6 mg of L-0-acetyl-N-{(2S)*3^thylsulfonyl-2-(l-naphthylmethyl)propionyl}homoserine benzyl es- 
ter was dissolved in 3 ml of ethanol and hydrogenated at ordinary temperature under an atmospheric 
pressure by an addition of palladium black. The catalyst was removed by filtration, and then the solvent was 
distilled off under reduced pressure to obtain 46.3 mg of L-0-acetyl-N-{(2S)-3-ethylsulfonyl-2-(i-naphthyl- 

35 methyl)propionyl}homoserine as colorless oily substance. 
Rf:0.51 (chloroform/methanol/acetic acid * 10/1/0.5) 

(3) (2S,3R,4SH-{L-Q«acetyt-N-{(2S)-3-e^ 
40 cyclohexyl-l-morpholino-2 t 3-pentanediol 

47.1 mg of L-Oacetyl-N-{(2S)-3-ethylsulfonyl-2-(l-naDhthyimethyl)propionyl}homosenne was dissolved 
in 0.2 ml of dry DMF. and 19 ul of triethylamine, 29 ul of DPP A and 0.5 ml of a DMF solution of 51 5 mg of 
(2S.3R,4SM-amino-5-cyciohexyM-morpholino-2.3-pentanediol dihydrochloride neutralized with 40 ul of 

45 triethylamine. was added thereto. The mixture was stirred at room temperature overnight. To the reaction 
solution, 30 ml of ethyl acetate was added, and washed with water and with a saturated sodium chloride 
aqueous solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and the residue was purified by silica gel column chromatography (chioroform/methanol = 30/1) 
to obtain 43.0 mg of the above identified compound as colorless amorphous. 

so Rf: 0.50 (chloroform/methanol B 10/1 ) 
Mass spectrum m/z 71 8(M* + 1 ) 
NMR (300 MHz. CDCIa) 

5ppm: 0.80-1 .04<3H.m) ( 1 .20(3H,t J m 7.6Hz), 1.10-2.15(15H.m). 1.97(3H.s), 2.4l-3.00(9H.m), 3.03- 
<1H,dd,J « 2.14Hz), 325-3.78(10H,m). 3.96-4.48<4H.m). 4.52(1 H.br s), 6.38(1 H.d.J = 9Hz). 6.50(1 H.d.J = 6Hz). 
55 7.30-7.62<4H,m), 7.79(1 H.d.J = 8Hz). 7.89(1 H.d.J « 8Hz). 7.99(1 H.d.J* 8Hz) 



EXAMPLE 46 
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(2S,3R.4S)-4-{L-N-[(2S)-3-ethylsutfonyl-2-(1-n^ 
pentanediol 

35.0 mg of the compound obtained in Example 45 was dissolved in 1 ml of methanol, and 180 ul of 
s aqueous ammonia was added thereto. The mixture was stirred at room temperature overnight The reaction 

solution was subjected to distillation under reduced pressure for removal of the solvent and the residue was 

purified by silica gel column chromatography (chloroform/methanol » 10/1) to obtain 19.8 mg of the above 

identified compound as colorless crystals. 

Rf: 0.37 (chloroform/methanol ■ 1071) 
w Mass spectrum m/z 676(M # + 1 ) 

NMR (300 MHz, CDCIs) 

5ppm: 0.86-1 .04(2H,m), 1.14-2.06(16H.m). 2.46-2.60(2H.m). 2.64-2.94<5H.m). 3.01(1H,ddJ = 1 .&13.5Hz), 
3.29-3.51 (5H,m). 3.59-3.78(7H,m), 4.22(1 H.dt J * 6.0.9.3Hz). 4.41-4.47(1 H.m). 4 49(1 H.br s). 6.22- 
(1H,dJ» 9.0Hz), 6.81 (1H,d.J = 6.3Hz). 7.32-7.62(4H,m), 7.79(1 H,d J »8.4Hz), 7.89(1 H.d J = 8.4Hz), 7.98- 
T5 (1H.dJa8.4Hz) 



EXAMPLE 47 

20 

(2S,3R.4SH-{L-N-[(2S)-3-furfurylsutfony 
morpholino-2,3-pentanediol 



25 (1) (2R)-3-hydroxy-2-(1-naphthylmethyl)propionic acid 

(2R)-3-benzyloxy-2-(1-naphthylmethyl)propionic acid was dissolved in 6 ml of THF, and 3 ml of 
cyclohexene. 2.5 ml of 1N hydrochloric acid and 400 mg of 10% palladium carbon were added thereto. The 
mixture was refluxed under heating for 48 hours. After filtration, the solvent was distilled off under reduced 

30 pressure, and the residue was divided with ethyl acetate and a 4% sodium hydrogencarbonate aqueous 
solution. The aqueous layer was adjusted to pH2 with 1N hydrochloric acid under cooling with ice and 
extracted with ethyl acetate. The ethyl acetate layer was washed sequentially with water and a saturated 
sodium chloride aqueous solution and dried over anhydride sodium sulfate to obtain 212 mg of (2R)-3- 
hydroxy-2-(1-naphthylmethyl)propionic acid as colorless oily substance. 

as Rf: 0.40 (n-hexane/ethyl acetate/acetic acid = 6/6/0.2) 



(2) L-N-[(2R)-3-hydroxy-2-(l-naphthylmethyl)propionyllnorleucine tert-butyl ester 

40 79 mg of (2R)-3-hydroxy-2-(l-naphthylmethyl)propionic acid was dissolved in 0.5 ml of DMF, and 1.0 ml 
of a DMF solution of 84 mg of L-norleucine tert-butyl ester, 82 mg of i-hydroxybenzotriazole monohydrate 
and 79 mg of OCC were added thereto under stirring at -15* C. The mixture was stirred at -15* C for 1 hour 
and then at room temperature overnight. Then, the reaction solution was treated in the same manner as in 
Example 1 (3). and the product was purified by silica gel column chromatography (n-hexane/ethyl acetate 

45 * 2/1) to obtain 79 mg of L-N-[(2R)-3-hydroxy-2-(1-naphthylmethyl)propionyl]norleucine tert-butyl ester as 
white solid. 

Rf: 026 (n-hexane/ethyl acetate = 2/1 ) 



so (3) L-N-[(2S)-3-furfurylthiO'2-(1-naphthylmethyl)propionyl1norleucine tert-butyl ester 

(a) 78 mg of L-N-[(2R)-3-hydroxy-2-(1-naphthylmethyl)propionyl]norleucine tert-butyl ester was dis- 
solved in 0.8 ml of dry pyridine, 80 mg of p-toluenesulfonyl chloride was added thereto. The mixture was 
stirred at room temperature overnight. The reaction solution was poured into ice water and extracted with 
55 ethyl acetate. The extract was washed sequentially with 1N hydrochloric acid, water, a saturated sodium 
hydrogencarbonate aqueous solution and a saturated sodium chloride aqueous solution and dried over 
anhydrous sodium sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was 
purified by silica ge! column chromatography (n-hexane/ethyl acetate s 3/1) to obtain 86 mg of L-N-[(2R)-2- 
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(1.naphthylmethyl)-3^-toiuenesutfonyloxypropionyl]nori9ucine tert-butyl ester as colorless oily substance. 

Rf: 0.54 (n-hexane/ethyl acetate = 2/1) 

(b) 11 mg of sodium hydride (60% in oil) was suspended in 0.3 ml of dry DMF. and 30 ul of 
furfurylmercaptan was added thereto at0*C under stirring. The mixture was stirred at room temperature for 

5 30 minutes. Then, 0.7 ml of a dry DMF solution of 86 mg of L-rH<2RV2-(l^hmyimethyl).3-p- 
toluenesulfonyloxypropionyl]norleucine tert-butyl ester was added thereto at 0 C. and the mixture was 
stirred at room temperature for one hour. To the reaction solution, ethyl acetate was added, and the mixture 
was washed sequentially with water and a saturated sodium chloride aqueous solution. The organic layer 
was dried over anhydrous sodium sulfate, and the solvent was distilled off under reduced pressure. Then. 

io the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate - 10/1) to obtain 64 
mg of the above identified compound as colorless oily substance. 
Rf: 0.28 (n-hexane/ethyl acetate = 5/1) 

,5 (4) L-N-K2Sy-3-furfurylsulfonyl-2-(1-naphthylmethyl)propionyl]norleucine 

(a) 60 mg of L-N-{(2S)-3-furfury!thio-2-(1-naphthyimethyl)propionyl]norieucine tert-butyl ester was dis- 
solved in 1.0 ml of methanol, and 0.21 ml of a 30% hydrogen peroxide aqueous solution and 6 mg of 
sodium tungstate dihydrate were added thereto. The mixture was stirred at room temperature for 4 hours. 

20 To the reaction solution, ethyl acetate was added, and the mixture was washed sequentially with water and 
a saturated sodium chloride aqueous solution. The organic layer was dried over anhydrous sodium sulfate. 
Then, the solvent was distilled off under reduced pressure to obtain 57 mg of L-N-{(2S)-3-furfurylsulfonyl-2- 
(l-naphthylmethyl)propionyl]norieucine tert-butyl ester as colorless oily substance. 
Rf: 0.38 (n-hexane/ethyl acetate » 2/1) 

25 (b) 55 mg of L-N-[(2S)-3-furfurylsulfonyl-2-(1- naphthylmethyDpropionyllnorleucine tert-butyl .ester was 
dissolved in 0.3 mi of dichloromethane. and 0.3 ml of TFA was added thereto. The mixture was stirred at 
room temperature for one hour. To the reaction solution, ethyl acetate was added. The mixture was washed 
sequentially with water and a saturated sodium chloride aqueous solution and dried over anhydrous sodium 
sulfate. The solvent was distilled off under reduced pressure to obtain 52 mg of the above identified 

30 compound as colorless oily substance. 

Rf: 0.27 (n-hexane/ethyl acetate/acetic acid * 6/6/0.2) 



<5) (2S,3R.4S)-4-{L-N-((2S)-3-furfur^^ 
35 morpholino 2.3-pentanediol 

50 mg of L-N-[(2S)-3-furturylsulfonyl-2-<1-naphthylmethyl)propionyl]norleucine was dissolved in 0.4 ml 
of dry DMF, and 18 ul of triethylamine, 28 al of OPPA and 0.6 ml of a dry DMF solution of 53.5 mg of 
(2S.3R,4SH-amino-5-cyciohexyl-l-morpho(ino-2,3-pentanediol dihydrochloride was added thereto and 41 ul 

40 of triethylamine was further added thereto. The mixture was stirred at room temperature overnight. Then, 
the same procedure as in Example 16 (5Wb) was conducted, and the purification by silica gel column 
chromatography (chloroform/methanol ■ 100/1, and then 50/1) was conducted to obtain 64 mg of the above 
identified compound as white powder. 
Rf: 0.29 (chloroform/methanol 3 20/1) 

45 Mass spectrum (FAB) m/z 740(M* * 1 ) 
NMR (300 MHz, CDCI 3 ) 

5ppm: 0.79-0.82(3H.m), 1.05-1.38<6H.m), 1.38-1,80(9H,m), 2.40-2.55(2H.m), 2.55-2.82(4H.m). 3.05- 
MH,dd,J = 14.2.3.2Hz), 3.1 5-3.32(1 H,m), 3.32-3.75<9H,m), 4.13-4.32(4H.m), 5.88(1 H,d J = 7.9Hz), 6.02- 
(lH.d,J = 8.7Hz). 6.34(1 H.dJ = 0.8Hz). 6.38(1 H.d.J = 0.8Hz), 7.28-7.65(4H.m). 7.79(1 H.d J = 7.9Hz). 7.90- 
50 (1 H.d.J = 7.9Hz), 7.99(1 H,d.J »7.9Hz) 



EXAMPLE 48 

55 

(2S.3R.4S)-4-{L-N-((2S or R)-3-(2-hydroxyethyl)sulfinyl-2^ 
cyclohexyl-l-morpholino-2.3-pe"tanediol 
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(a) 114 mg of the isomer having a high Rf value of L-N-{(2S or Rh3^2-hydroxyethyl)thio-2-(l- 
naphthylmethyl)propionyl]norleucine tert-butyl ester was dissolved in 1.08 ml of acetic acid, and 28.1 til of a 
30% hydrogen peroxide aqueous solution was added thereto. The mixture was stirred at room temperature 
for 30 minutes, and then the solvent was distilled off under reduced pressure. To the residue, benzene was 
added, and benzene was distilled off under reduced pressure. This operation was repeated. The syrup 
thereby obtained was purified by silica gel column chromatography (chlofoform/methanol = 30/1) to obtain 
117 mg of l-N-{(2S or R)-3^2-hydroxyemyl)sulfinyl-2Kl^aprmiylmethyl)propionyl]norleucine tert-butyl ester 
as colorless oily substance. 

Rf: 0.30 (chloroform/methanol » 20/1) 
NMR (300 MHz. CDCI 3 ) 

5ppm: 0.84<3H,q,J = 7.6Hz). 1.10-1 .47(1 3H). 1 .47-1 .85(2H). 2.63-3.08(3H), 3.20-3.62(4H), 4.00-4.38(3H), 5.98- 
(0.3H,d,J » 7.9Hz) t 6.34(0.7H,d.J - 7.9Hz), 7.28-7.42<2H). 7.50<2H.m), 7.73(1 H,d. J = 7.9Hz). 7.85- 
(1 H,d 4 * 7.9Hz) t 6.00(0.7H,d,J « 7.9Hz). 8.06<0.3H.d,J « 7.9Hz) 

(b) 109 mg of L-N-{(2S or R)-3-(2-hydroxyethyl)sulfinyl-2-<1-naphthylmethy1)pmpionyl]non^ tert- 
butyl ester was dissolved in 0.4 ml of dry dichioromethane, and 0.4 ml of TFA was added thereto. The 
mixture was stirred at room temperature for 2.5 hours. Then, the solvent was distilled off. To the residue, 
benzene was added, and the mixture was concentrated under reduced pressure. This operation was 
repeated to obtain 94.8 mg of L-N-K2S or R)-3-<2-hydroxyethyl)sulfinyl-2-(l-naphthylmethyl)propionyl]- 
norleucine as colorless solid. 

Rf: 0.30, 0.23 (chloroform/methanol/acetic acid = 10/0.5/0.1) 
NMR (300 MHz, CD3OD) 

appm: 0.90{3H), 1 .20-1 .42(4H), 1.55-1.85(2H), 2.72-3.02(3 H), 3.02-3.62(4H), 3.80-3.96(2H), 4.24(0.3H,m). 
4.35(0.7H,m), 7.37(2H,m), 7.52(2H.m), 7.75(1H,m). 7.85(1 H,d,J = 8.1 Hz), &l8(1H,d.J = 8.1Hz) 

(c) 54.6 mg of L-N-[(2S or R)-3-(2-hydro)<yethyl)sulfinyl-2-(1-naphthylmethyi)propionyl]norieucine was 
dissolved in 0.2 ml of dry DMF, and 32.3 mg of 1-hydroxybenzotriazole and 412 mg of'OCC were added 
thereto at 0'C under stirring. Then, 60.4 mg of (2S,3R.4SH-amino-5-<^clohexyl-l-morpholino-2,3-pen- 
tanediol dihydrochloride was dissolved in 02 ml of dry DMF. and 34.0 mg of triethyiamine was added 
thereto for neutralization. This solution was added to the previous solution, and the mixture was stirred at 
0* C for 2 hours and at 5* C overnight. The precipitated dicyciohexyl urea was removed by filtration, and 
solvent of the filtrate was distilled off. To the residue, a small amount of chloroform was added, and the 
insolubles were removed by filtration. Then, the solvent of the filtrate was distilled off under reduced 
pressure. This operation was repeated twice. The residue thereby obtained was dissolved in 10 ml of ethyl 
acetate. The ethyl acetae layer was washed sequentially with a 4% sodium hydrogencarbonate aqueous 
solution, with water and with a saturated sodium aqueous solution and dried over anhydride sodium sulfate. 
The solvent was distilled off under reduced pressure, and the residue was purified by silica-gel column 
chromatography (chlorofrom/methanol = 15/1) to obtain 32.0 mg of the isomer having a high Rf value 
(Example 48-A) and 23.4 mg of the isomer having a low Rf value (Example 48-B) of (2S,3R.4S)-4-{L-N-{(2S 
or R)-3-(2-hydroxyethyl)sulfinyl-2-<1-naph^ 

2.3-pentanediol as colorless solids, respectively. 



Isomer having a high Rf value (Example 48-A): 

Rf: 0.33 (chloroform/methanol = 10/1) 
Mass spectrum m/z 688(M* + 1) 
NMR (300 MHz. CDCb) 

ippm: 0.80-1 .08(4H), 1 .10- 1.85(1 8H), 2.48(2H), 2.57-2.86(6H), 3.08<2H,m), 3.30-3.54<5H), 3.54-3.75(5H). 
3.98(2H.m), 4.25(2H.m). 4.70(1 H,br), 6.46(1 H.d.J =8.4Hz), 6.77(1 H.br). 7.32-7.46(2H). 7.55(2H,m). 7.79- 
(lH.d.J = 7.8Hz), 7.89(1 H.dd.J* 2.1.7.5Hz), 7.99(1 H,d,J = 8.1 Hz) 



Isomer having a low Rf value (Example 48-B): 

Rf: 0.29 (chloroform/methanol - 10/1) 
Mass spectrum m/z 688(M* +1) 
NMR (300 MHz, CDCIj) 

$ppm: 0.70-1. 05(4H). 1.05-1.38(8H), 1.38- 1.90(1 OH), 2.48r2H.Br), 2.57-3. 00(7H), 3.21-3.56(6H). 3.66(4H), 
3.94-4.30<4H), 4.68(1 H.br), 6.30(2H), 7.30-7.45(2H). 7.55(2H.m). 7.78(1 H), 7.88(1 H), 7.95-8.09(1 H) 
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EXAMPLE 49 

5 ( 2S,3R.4S)^{L-N-[(2Sy3^thy^ 
morpholiono-2.3-pentanediol 

(a) 133.3 mg of L-N.t(2Sh3^thylthi^1-naphmylmethyl)propionyl]norleucine tert-butyl ester was dis- 
to solved in 1 ml of acetic acid, and 31 .9 ul of a 30% hydrogen peroxide aqueous solution was added thereto. 

The mixture was stirred at room temperature for 25 minutes. Then, the solvent was distilled off under 
reduced pressure. To the residue, benzene was added, and benzene was distilled off under reduced 
pressure. This operation was repeated to obtain 136.1 mg of L-N-t(2S)-3-ethylsulfinyl-2-(i--aphthyimethyi>- 
propionyi]norleucine tert-butyl ester as colorless oily substance. 
is Rf. 0.33 (chloroform/ethyl acetate = 1/1) 
Mass spectrum m/z 460(M* + 1) 

(b) 1292 mg of L-l^[(2S)-3^thylsulfinyl-2-(1^hthylmethyl)propionyl]norteucine tert-butyl ester was 
dissolved in 0.5 ml of dry dichloromethane, and 0.5 ml of TFA was added thereto. The mixture was stirred 
at room temperature for 2.5 hours. Then, the solvent was distilled off. The residue was dissolved in 

20 benzene, and the mixture was concentrated under reduced pressure. This operation was repeated to obtain 
oily substance. The oily substance was solidified with chloroform/diethyl ether. The solvent was distilled off 
under reduced pressure to obtain 117 mg of L.N^(2S)-3^thylsulfinyl-2-(l-naphthylmethyl)propionyll. 
norteucine as colorless solid. 

Rf: 0.37, 0.41 (chloroform/ methanol/acetic acid ■ 10/0.5/0.1) 

25 NMR (300 MHz. CDCI 3 ) 

Spprrv 0 83(3H). 1 .05-1.39(7H), 1.70(1H.m). 1.92{1H,m). 2.62-2.82(2H). 2.90(0.3H. dd. J » 9.9.13.5Hz). 3.08- 
3.58(3.7H), 3.70(1 H.m). 4.22(0.3H.dt.J = 5.4.5.4Hz). 4.40(0.7H.dU » 5.8,5. 8Hz>. 7.28-7.67(6H). 7.92(0.7H). 
8.08(0.3H,d.J = 8.1Hz) 

(c) 60 mg of L-N-[(2S)-3-ethylsulfinyl-2-(1-naphthylmethyl)propionyl]norleucine was dissolved in 0.2 ml 
30 of dry DMF, and 36.4 mg of 1 -hydroxybenzotriazole and 42.9 mg of DCC were added thereto at 0 # C under 

stirring. Then, 69.5 mg of (2S.3R.4S)-4-amino-5-cyclohexyl-l-morpholino-2.3-pentanediol dihydrochloride 
was dissolved in 0.2 ml of dry DMF. 39.1 mg of triethylamine was added thereto for neutralization. This 
solution was added to the previous reaction solution, and the mixture was stirred at 0' C for two hours and 
at 5"C overnight. The precipitated dicyclohexylurea was removed by filtration and washed with a small 

35 amount of chloroform. This washing solution and the filtrate were put together, and concentrated under 
reduced pressure. The concentrated solution was diluted with 20 ml of ethyl acetate. The organic layer was 
washed sequentially with a 4% sodium hydrogencarbonate aqueous solution, with water and with a 
saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The solvent was 
distilled off under reduced pressure, the residue was purified by silica gel column chromatography 

40 (chloroform methanol = 601) to obtain 38.3 mg of the isomer having a high Rf value (Example 49-A) and 
16.1 mg of the isomer having a low Rf value (Example 49-B) of (2S.3R.4S)-4-{!-- N -t( 2S >- 3 - em y ,sulfin y , * 2 "< 1 * 
naphthylmethyi)propionyi]norleucyi}amino-5-cyclohexyl-l-morpholino-2,3-pentanediol as colorless solids, re- 
spectively. 

45 

Isomer having a high Rf value (Example 49-A): 

Rf: 0.5 (chloroform methanol = 10/1) 
Mass spectrum rrvz 672(M ♦ 1 ) 
50 NMR (300 MHz. CDCI3) 

5ppm: 0.75-1 .86(25H). 2.27(1H.m|, 2.40-2.69(4H), 2.78(4H), 3.04(1 H.ddJ = 9.2.1 3.1 Hz), 3.32(2H). 3.42-3.62- 
(7H). 4.25(2H). 4.68(1 Kbr), 6.34(1 H.d.J = 9.3Hz). 6.90(1 H.d J 3 5.4Hz), 7.32-7.48<2H). 7.78(1 H.dJ »7.8Hz>. 
7.89(1 Kdd. J = 1 .4.7.8Hz) 7.98(1 H.d. J '8.7Hz) 



55 



Isomer having a low Rf value (Example 49-B): 
Rf: 0.43 (chloroform/methanol = 10/1) 
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Mass spectrum m/z 672(M* + 1) 
NMR (300 MHz. CDCIj) 
5ppm: 0.77- 
4.25(1 H.m) 
8.08(1 H,d.J = 8.1 Hz) 



vlHz. CDCb) „ u 4 

'-2 00(25H). 2.49(2H), 2.55-2.85(7H). 3.04(1 H.m), 3.32(1 H.m), 3.46(4H). 3.64<4H). 4.15(lH.m). 
6.18(1 H), 6.46(1 H), 7.32-7.47(2H). 7.47-7.63(2H), 7.78(1 H.d.J s 7.8Hz). 7.89(1 H.d J =8.1 Hz), 



EXAMPLE 50 

N-[(2S.3R.4S)-4-(L-N-{(2R)-3^thyisulfonyl-2-(1^ 
dihydroxypentyl]morpholine N-oxide 

25 mg of (2S.3R t 4SHK L "H(2S)-3-ethylsutfony l-2-(1 -naphthylmethyl)propionyl]norteucyl}amino-5- 
cyclohexyl- 1-morpholino-2.3-pentanediol was dissolved in 1.5 ml of methanol, and 150 ul of a 30% 
hydrogen peroxide aqueous solution was added thereto. 2 mg of sodium tungstate dihydrate was added 
thereto as a catalyst and the mixture was stirring. The mixture was stirred at room temperature for three 
hours, and the insolubles were removed by filtration. The filtrate was diluted with 15 ml of ethyi acetate and 
washed with a 4% sodium carbonate aqeuous solution (10 ml x 1 time) and then with a saturated sodium 
aqueous solution (10 ml x 2 times). The ethyl acetate layer was dried over anhydrous sodium sulfate and 
then concentrated under reduced pressure to obtain 25 mg of the above identified compound as white solid. 
Mass spectrum m/z 704(M* + 1) 



EXAMPLE 51 

(2S,3R,4S)-4-{L-N-[(2S or R)-3-cyclopentanesulfonyl-2-benzylpropionyl]norleucyl}amino*5-cyclohexy*-i* 
morphotino-2,3-pentanedidr 

(a) 210 mg of (2S or R)-3-cyclopentanesulfonyi-2-benzylpropionic acid was dissolved in 3 ml of dry 
DMF. and 0.8 ml of a dry DMF solution of 0.15 ml of triethylamine, 0.18 ml of DPPA and 0.15 g of 
norteucine tert-butyl ester was added thereto at -15* C by a usual DPPA method. The mixutre was 
subjected to usual aftertreatment and the product was purified by silica gel column chromatography to 
obtain 122 mg of L-N-((2S or R) 3-cyclopentanesuifonyl-2-benzylpropionyl)norleucme tert-butyl ester as 
white solid. 

NMR (300 MHz. CDC1 3 ) 

5ppm: 2.81 -3.1 8<4H,m). 3.25(0.75H.m). 3.40(0.25H.m), 3.59(1 H.m). 4.23(0.25H.m). 4.45(0.75H.m) ( 5.91- 
(0.25H.dJ»8Hz). 6.09(0.75H.d.J = 8Hz), 7.1-7.3(5H.m) 

(b) L-N-((2S or R>-3-cyclopentanesulfonyl-2-benzylpropionyl)norteucine tert-butyl ester obtained in step 
(a) was subjected to deesterification with 4.2 ml of dichloromethane/TFA (1/1). 108 mg of L-N-(3- 
cyclopentanesulfonyl-2-benzylpropionyl)norieucine thereby obtained was condensed with (2S.3R.4SH- 
amino-5-cyclohexyl-1-morpholino-2.3-pentanediol in 3 ml of dry DMF by using a DPPA method. The 
product was subjected to usual work up and purified by silica gel column chromatography to obtain 62 mg 
of the above identified compound. 13 mg of <2S,3R,4S>-4-{L-N-K2R <> r S)-3-cyclopentanesulfonyl-2- 
benzylpropionyl]norieucyl}amino-5-cyclohexyl-l-morpholino-2.3-pentanediol and 80 mg of a mixture of the 
both isomers as white solids, respectively. 



S or R isomer 

NMR (300 MHz. CDCb) 

5ppm: 2.49(2H.m), 2.62(1 H.m). 2.70-3.05(6 H.m). 3.15(1H,m). 3.26(1 H.m). 3.6-3.7(3H,m). 3.68(4H.m). 4.18- 
4.31(2H.m), 4.60(1H,br s), 6.00(1H.d.J = 9.5Hz), 6.08(1 H,d, J «7Hz), 7.2-7.4(5H.m) 



R or S isomer: 
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NMR (300 MHz. CDCI 3 ) A ^ At4LA t 

5ppm: 2.50(2H,m). 2.63(1 H.m). 2.7-2.8(2H.m). 2.83-3.06(4H.m), 3.l6(1H.m). 3.37-3.82<8H.m), 4.04(1 H.m). 
4.91(1 Kbr). 5.81(1 rid. J *8Hz). 7.08(1 H.d J = 9Hz). 7.14-7.35(5H,m) 



EXAMPLE 52 



N-[(2S .3R.4SH-[L-N-[(2S)-3<yclopentanesuifonyl^ 
to dihydroxypentyl]morpholine N-oxide 

25 mg of (2S.3R,4S)^{L-N4(2S)-3<ydopentanesulfonyl^ 
cyclohexyM-morphoiino-2.3-pentanediol obtained in Example 51 was dissolved in 1.5 ml of methanol, and 
150 ul of a 30% hydrogen peroxide aqueous solution was added thereto. 2 mg of sodium tungstate 

T5 dihydrate was added thereto as a catalyst, and the mixture was stirred. The mixture was stirred at room 
temperature for 3 hours, and then the insolubles were removed by filtration. The filtrate was diluted with 15 
ml of ethyl acetate and washed with a 4% sodium carbonate aqueous solution (10 ml x 1 time) and then 
with a saturated sodium chloride aqueous solution (10 ml x 2 times). The ethyl acetate layer was dried over 
anhydride sodium sulfate, and then concentrated under reduced pressure to obtain 25 mg of the above 

20 identified compound as white solid. 
Mass spectrum m/z 694(M * + 1 ) 



EXAMPLE 53 

25 

f2R)-3-benzyloxy-2-(l-naphthylmethyl)propionic acid (1) (EH-benzy loxy-2-buten- 1 -ot 

(a) 14.6 g of sodium hydride (60% in oil) was washed with n-pentane under argon, and dried. 150 ml of 

3C dry DMF was added thereto for suspension, and 75 g of (Z)-2-buten-l .4-diot was dropwise added thereto 
over a period of 30 minutes under stirring at 0*C. The mixture was stirred at room temperature for 1.5 
hours, and then 44 g of benzyl bromide was added thereto under stirring at 0* C. The mixture was stirred at 
the same time for 30 minutes and then the temperature was returned to room temperature and stirred at 
50* C overnight The reaction solution was poured into ice water, extracted with ether, and the ether solution 

35 was washed sequentially with water and a saturated sodium chloride aqueous solution and dried over 
anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue was 
subjected to distillation under reduced pressure (2.5 mmHg. 134-138* C) to obtain 29 g of (Z)-4-benzyioxy- 
2-buten-i-ol as colorless oily substance. 
Rf: 0.49 (n-hexane/ethyl acetate = 1 1) 

40 (b) 11.1 g of pyridinium chlorochromate and 12 g of ceiite were suspended in 100 mi^ of dry 
dichloromethane. and 6 g of (Z)-4-benzytoxy>2-buten-i-ol was added thereto under stirring at 0*C The 
mixture was stirred at room temperature for three hours, and then diethyl ether was added thereto. The 
insolubles were removed by filtration. The filtrate was subjected to distillation under reduced pressure for 
removal of the solvent, and the residue was purified by silica gel column chromatography (diethyl ether) to 

45 obtain 3.9 g of <Z)-4-benzyloxy-butenal as slightly yellow oily substance. 
Rf: 0.59 (n-hexane/ethyl acetate » vi) 

(c) 3.9 g of (Z)-4-benzyloxy*2-butenai was dissolved in 60 ml of ethanol. and 850 mg of sodium 
borohydride was added thereto under stirring at 0*C. The mixture was stirred at 0*C for 1.5 hours. The 
reaction solution was poured into ice water and extracted with ethyl acetate. The ethyl acetate solution was 

sc washed sequentially with water and with a saturated sodium chloride aqueous solution and dried over 
anhydrous sodium sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was 
subjected to distillation under reduced pressure (2.0 mmHg, 142*C) to obtain 22 g of (EH-benzyioxy-2- 
buten-l*ol as colorless oily substance. 
Rf: 0.49 (n-hexane/ethyl acetate * 1/1 ) 

55 



(2) (2R.3R)-4-benzyloxy-Vtert-butyldimethylsilyloxy-3-(1-naphthylm'ethylh2-butanol 
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(a) In 190 ml of dry dichloromethane, 3.3 g of a molecular sieves (powder. 3A) was suspended, and 4.2 
ml of isopropyl orthotitanate and 2.9 ml of diethyl U+Hartarate were added thereto under stirring at -23 C. 
The mixture was stirred at the same temperature for 15 minutes, then, 3 ml of a dry dichloromethane 
solution of 4.7 g of (E)-4-benzyloxy-2-buten-i-ol was added thereto, and the mixture was stirred at the same 

5 temperature for 5 minutes. 11 ml of tert-butylhydroxyperoxide (5.1 7M dichloromethane solution) was added 
thereto, and the mixture was stirred for further seven hours. Then, the reaction solution was left to stand at 
-23 *C overnight To the reaction solution, 190 ml of diethyl ether and 4.2 ml of a saturated sodium sulfate 
aqueous solution were added, and the mixture was stirred at room temperature for 4 hours. The insolubles 
were removed by filtration, and the solvent was distilled off under reduced pressure. The residue was 

io dissolved in 240 ml of diethyl ether, and 42 ml of a 1N sodium chloride aqueous solution was added thereto 
under stirring at 0 # C. The mixture was stirred at 0*C for 30 minutes. The diethyl ether layer was washed 
sequentially with a saturated sodium hydrogencarbonate aqueous solution and a saturated sodium chloride 
aqueous solution and then dried over anhydrous sodium sulfate. The solvent was distilled off under reduced 
pressure, and then the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate 3 

75 1/1 ) to obtain 2.9 g of (2S,3SHW)enzyloxy-2,3-epoxy-1 -butanol as colorless oily substance. 
Rf: 0.28 (n-hexane/ethyl acetate = 1/1) 
Angle of rotation: [a]g° - 22.7* (C 0.988.CHCI3) 
Mass spectrum (FAB) m/z 195(M* +1) 

(b) 2.15 g of (2S,3S)-4-benzyloxy-2,3-epoxy-l -butanol was dissolved in 13 ml of dry OMF. and 1.83 g of 
20 imidazole and 2 g of tert-butyldimethylchlorosilane were added thereto. The mixture was stirred at room 

temperature overnight. The reaction solution was diluted with ethyl acetate, washed sequentially with cold 
1N hydrochloric acid, water and a saturated sodium chloride aqueous solution and dried over anhydrous 
sodium sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was purified by 
silica gel column chromatography (n-hexane/ethyl acetate » 1 0/1) to obtain 2.3 g of (2S.3S)-4-benzyloxy- 
25 2,3-epoxy-i -butanol tert-butyldimethy Isilyl ether as colorless oily substance. 
Rf: 0.59 (n-hexane/ethyl acetate a 5/1) 
Angle of rotation: [ag° - 9.0 " (C 1.140.CHCI3) 
Mass spectrum (FAB) m/z 441 (M* +Cs) 

(c) 123 mg of copper iodide was suspended in 2.3 mi of dry THF, and 8 ml of naphthylmethyl 
30 magnesium chloride (0.8M diethyl ether solution) was added thereto under stirring. The mixture was stirred 

at the same temperature for five minutes. Then, 1 .0 ml of a dry THF solution of 1 g of (2S.3S)-4-benzyloxy- 
2.3-epoxy-i -butanol tert-butytdimethylsilyl ether was added thereto, and the mixture was stirred at room 
temperature for 1 hour. The reaction solution was poured into a saturated ammonium chloride aqueous 
solution and extracted with diethyl ether. The extract was washed seqeuntially with water and a saturated 
35 sodium chloride aqueous solution and dried over anhydrous sodium sulfate. Then, the solvent was distilled 
off under reduced pressure, and the residue was purified by silica gel column chromatography (n- 
hexane/ethyi acetate = 20/1) to obtain 938 mg of the above identified compound as colorless oily 
substance. 

Rf: 0.53 (n-hexane/ethyl acetate = 5/1) 
40 Angle of rotation: [aft 0 - 21.8' (C 1.120. CHCb) 
Mass spectrum (FAB) m/z 451 (M* + 1.) 



(3) (2R.3R)-4-benzyloxy-3-f 1 -naphthylmethyQbutan-1 ,2-diol 

45 

910 rng of (2R,3R)-4-benzyloxy-i-tert-butyldimethylsiiyloxy-3-(l-naphthylmethyl)-2-butanol was treated 
with 7 ml of tetra-n-butylammonium fluoride (1M THF solution), and stirred at 0* C for ten minutes and then 
at room temperature for 50 minutes. The reaction solution was diluted with diethyl ether, and then washed 
sequentially with a saturated sodium hydrogencarbonate aqueous solution and a saturated sodium chloride 

50 aqueous solution and dried over anhydrous sodium sulfate. The solvent was distilled off under reduced 
pressure, and the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate * 1/1) 
to obtain 642 mg of the above identified compound as colorless oily substance. 
Rf: 0.29 (n-hexane/ethyl acetate * 1/1) 
Angle of rotation: [a]g c - 42.6* (C 1.187, CHCI3) 

55 Mass spectrum m/z 337(M* + 1 ) 



(4) (2R)-3-benzy ioxy-2-( 1 -naphthytmethy l)propionic acid 
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740 mg of (2R,3R)-4^>enzyloxy-3-(l^aphthylmethyl)botan-i,2-<liol was dissolved in 50 ml of methanol, 
and 19 ml of an aqueous solution of 568 mg of sodium metaperiodate was added thereto under stirring at 
0 # C. The mixture was stirred at room temperature for 4 hours. The insolubles were removed by filtration, 
and then the solvent was concentrated under reduced pressure. The residue was diluted with a saturated 

5 sodium hydrogencarbonate aqueous solution, and extracted with diethyl ether. Then, the extract was 
washed with a saturated sodium chloride aqueous solution and dried over anhydrous sodium sulfate. The 
solvent was distilled off under reduced pressure. 620 mg of (2Rh3-benzyloxy-2-(l-naphthylmethyl)-i- 
propanai thereby obtained as oily substance, was dissolved in 50 ml of acetone, and Jones 1 reagent was 
added thereto under stirring at 0* C. The mixture was stirred at the same temperature for 1.5 hours. To the 

to reaction solution, isopropanol was added for decomposition of the reagent. Then, the insolubles were 
removed by filtration, and the filtrate was concentrated under reduced pressure. The concentrated solution 
was diluted with ethyl acetate, washed sequentially with water and a saturated sodium chloride aqueous 
solution and dried over anhydrous sodium sulfate. Then, the solvent was distilled off under reduced 
pressure, and the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate = 2'D 

;s to obtain 457 mg of the above identified compound as colorless oily substance. 
Rf: 0.47 (r>hexane/ethyl acetate/acetic acid ■ 1/1/0.5) 
Angle of rotation: [a]|° - 13.2* (C 1.04. CHCh) 
Mass spectrum nrvz 321 (M* + 1) 
NMR (300 MHz. CDCI3) 

20 5ppm: 3.1 1-3.21(1 H,m). 3.33(1 H.dd J* 15.2.8.0Hz). 3.57(1 H.dd. J » 1 52.7.6Hz). 3.66(2H.d J * 7.2Hz). 4.51- 
(1 H.d.J = 1 6.0Hz), 4.55(1 H,d,J = 1 6.0Hz), 7.24-7.38(7H.m). 7.45-7.55(2H.m). 7.75(1 H.d.J = 8.0Hz). 7.86- 
(1 H.d.J = 8.0Hz). 8.05(1 H.d,J = 8.0Hz) 



25 EXAMPLE 54 



(2S,3R.4S)-4-amino-5-cyclohexyH-morpholino-2.3-pentanediol dihydrochloride 

30 

(D 3-0-benzyl-l.2»0-isopropylidene*err>ailofuranose 

3.0 g of sodium hydride was added to 50 ml of dry DMF. and 31 ml of a dry DMF solution of 30.7 g of 
l.2:5.6-di-0-isopropylidene-a-D-allofuranose was added thereto under stirring and cooling with ice. The 
35 mixture was stirred at room temperature for one hour, and then 14.5 ml of benzyl bromide was dropwise 
added thereto under cooling with ice. The mixture was stirred at room temperature overnight. Then. 90 ml 
of water was added thereto under cooling for crystallization. The crystals were collected by filtration washed 
with 50 ml of cold water and then dried to obtain 3-O-benzyl derivative 39.1 g (yield: 95%) of slightly yellow 
crude crystals. 

40 Then, the crystals was dissolved in 200 ml of 70% acetic acid, and the reaction was conducted at 37 C 
for seven hours. The reaction soluton was neutralized with aqueous sodium carbonate (200 g/300 ml) under 
cooling with ice and extracted with ethyl acetate (300 ml x 1 time. 150 ml x 1 time). The extract was 
washed with water (200 ml) and then with a saturated sodium chloride aqueous solution (200 ml) and then 
dried over anhydrous sodium sulfate. The filtrate was concentrated under reduced pressure to obtain the 

js above identified compound 54.5 g of slightly yellow syrup (yield: 94%). 
NMR (300 MHz. CHCb) 

appm: 1.37(3H.S). 1.60(3H.S). 3.70(2H,S) 3.93(1 H.dd. J *4.4.8.7Hz), 4.0l(1H.m). 4 l2(1H.dd.J =3.2.8.9Hz). 
4.56(1 H.dJ* 11.2Hz). 5.77(1 H.d.J* 3.6Hz). 7.3-7.4(5H.m) 
Rf: 0.2 (chloroform/methanol * 30*1) 

50 

(2) 3-Q*benzyl-1 .2-OHSopropylidene-q-f>ribo-pentodialdo-l ,4"furanose 

34.5 g of 3-0-benzyl-l.2-0-isopropylidene-a-D*ailofuranose was dissolved m 280 ml of ethanoi water 
55 (7'1), and a sodium methaperiodate aqueous solution (25 g/210 ml) was dropwise added thereto. The 
mixture was stirred at room temperature for 1.5 hours, and then the precipitated inorganic salts were 
separated by filtration. The salt thereby separated was washed with a samll amount of ethanoi. The washing 
solution and the filtrate were put together and concentrated under reduced pressure. The syrup thereby 
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obtained was dissolved in 300 ml of ethyl acetate and washed with 100 ml of water and then with 100 ml of 
a sodium chloride aqueous solution. The ethyl acetate layer was dried over anhydrous magnesium sulfate 
and then concentrated under reduced pressure. The syrup thereby obtained was dissolved in diethyl ether 
and the diethyl ether solution was concentrated again and dried under reduced pressure to obtain 32.6 g of 
5 the above identified compound as slightly yellow crude syrup. This syrup could be used as a starting 
material for Wittig reaction in the following step as it was. 
Rf: 0.44 (chloroform/methanol » 30/1) 



ro (3) 3-Q"benzyl-5-cyclohexylidene*S^eoxy»1.2^sopropylideneni-0»ribofuranose 

82.7 g of cyclohexyftriphenylphosphonium bromide was suspended under stirring in 600 ml of 1.2* 
dimethoxyethane purified by distillation. The reaction solution was sealed under an argon atmosphere, and 
130 ml of n-butyl lithium (n-hexane solution, 1.5N) was dropwise added thereto at room temperature. The 

r5 mixture was stirred for one hour to form a reddish brown yiide. The reactor was cooled with ice, and a 1,2- 
dimethoxyethane solution (36 g/70 ml) of 3-0^)enzyl-l^-OHSopropylidene^D-ribo-pentodiaido-i ( 4-furanose 
was added thereto over a period of 30 minutes. The temperature was returned to room temperature, and 
the reaction solution was stirred for 18 hours. Then, the precipitated salt was separated by filtration. The salt 
thereby separated was washed with a small amount of benzene. To the combined filtrate, 100 ml of water 

20 was added to decompose the excess ylide. The reaction solution was distillated off. and the residue thereby 
obtained was dissolved in 300 mi of benzene. The benzene solution was washed with 130 ml of water and 
then with 150 ml of a saturated sodium chloride aqueous solution. Then, the benzene layer was dried over 
anhydrous magnesium sulfate. The dried benzene layer was concentrated under reduced pressure, and the 
concentrate was purified by silica gel column chromatography (n-hexane/ethyl acetate * 8/1). The eiuted 

25 fractions containing the desired compound were put together, concentrated under reduced pressure and 
dried to obtain 28.9 g (yield: 64%) of white solid. The solid was recrystallized from 50 ml n-hexane to obtain 
27.2 g (yield: 61%) of columnar crystals. 
NMR (300 MHz, CDCI 3 ) 

5ppm: 1.35(3H.s), 1.58(6H.m) t 1.64(3^8), 2.13(2H,br) t 2.29<2H,br), 3.46(1 H,dd J = 4.4.8.8Hz), 4.53- 
30 (1H.U- 4.0Hz), 4.63(1 H,d,J = 12.4Hz), 4.73(1 H,d,J = 12.4Hz). 4.82(1 H,t.J = 8.9Hz), 5.02(1 H.dd.j - l.5.8.7Hz). 
5.70(1 H.d.J » 3.6Hz), 7.29-7.35(5H.m) 
Melting point: 62-64 *C 

Angle of rotation: [ag° = - 72' (C = 0.97, CHCIs) 
IR 

35 rem" 1 : 2930. 2850. 1460. 1390, 1380. 1250, 1220, 1200. 1170. 1130. 1120. 1090. 1030. 1000. 890. 870. 730 
Elemental analysis: 
Calculated value C: 73.23. H: 8.19 
Measured value C: 73.28, H: 8.12 

40 

(4) Methyl 2,3-di*Obenzyl-5*cyclohexyl-5-deoxy-tt-D-ribofuranoside and methyl 2,3-di-Obenzyl-5- 
cyclohexyl-5-deoxy-l-D-ribofuranoside 

27.0 g of 3-0-benzyl-5^:yclohexylidene-5-deoxyl.2-0-isopropylidene-a-0-ribofuranose was dissolved in 
45 230 mi of ethanol. and Raney nickel (W1) in about 10 ml of ethanol was added thereto. The stirring was 
continued under a hydrogen atmospheric pressure. 4.5 hours later, the cataiyst was separated by filtration 
on Celrte. and the filtrate was concentrated under reduced pressure and dried under reduced pressure to 
obtain 28.4 g of 3-0-benzyl*5<yclohexyl-Meoxy-1^-0-isopropylidene-o-0-ribofuranose as transparent 
syrup. Then, the syrup was dissolved in 66 ml of dry methanol. 66 ml of 10% dry methanol hydrochloride 
50 was added thereto and reacted therewith at room temperature under sealing for 66 hours. Then. 100 ml of 
methanol was added to the reaction solution and diluted it. 500 ml of an anion exchange resin Amberiite 
(lRA-400, OH") was gradually added to the reaction solution for neutralization. The resin was removed by 
filtration, and then the reaction solution was concentrated under reduced pressure. The syrup thereby 
obtained was azeotropically concentrated to dryness from the diethyl ether solution and from the benzene 
55 solution under reduced pressure to obtain 24.7 g of methyl 3-Obenzyl-5*cyclohexyi-5-deoxy-o(or 0)-D- 
ribofuranoside as yellow syrup. (Rf: 0.32, silica gel plate, n-hexane/ethyl acetate = 3/1 ) 

Then, the syrup was dissolved in 45. ml of dry OMF without purification, and the solution was added 
under cooling with ice to. 30 ml of a dry OMF solution containing 1.9 g of sodium hydride prepared 
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separately. The temperature was returned to room temperature, and the mixture was stirred tor 30 minutes 
and cooled with ice. 9.3 ml of benzyl bromide was added thereto and the mixture was stirred at room 
temperature overnight Then, the reaction solution was dissolved in 400 ml of ethyl acetate, and the solution 
was washed sequentially with 300 ml of water and with 300 ml of a saturated sodium chlonde aqueous 
solution. The organic layer was dried over anhydrous sodium sulfate and then concentrated under reduced 
pressure. The concentrate was purificated by silica gel column chromatography <n-hexan*ethyl acetate * 
8/1-6/1) to obtain 3.55 g of methyl 2,3^i-0-benzyl-5^yclohexyl-5^eoxy^r>ribofuranoside and 27.6 g of 
methyl 2,3-di-Obenzyl-5<yclohexyl-5-deoxy-^-r>ribofuranoside as colorless transparent syrup. 



<r»anomer: 

NMR (300 MHz, CDCh) ^ t „ e e otJ , 

Sopnr 0.85(2H.m). 1.1-1 .4<8H.m). 1 .6-1 .8(5H.m). 3.45(3H,s). 3.50(1 H.dd.J * 3.8.6.8Hz). 376- 

(1H.ddJ=4.0.6.8Hz), 4.18<1H.m). 4.59(1 H.dJ * 12.7Hz), 4.63(1 H.dJ » 1 2.2Hz), 4.68(1 H.dJ 3 12.5Hz), 4.74. 

(1H.dJ-l3.iHz), 4.83(1 H.dJ* 4.5Hz), 7.28-7.40(1 OH.m) 

Rf: 0.44 (n-hexane/ethyl acetate = 3/1) 

IR 

Fern": 3050, 2930. 2850, 1510, 1460 



^-anomer: 

NMR (300 MNz. CDCI 3 ) 

ppm- 0.9(2H f m) f 1.l-1.3(3H.m). 1.4-1 .6(3H.m), 1.6-1 .85(5H,m). 3.3l(3H.s). 3.77(1 H.ddJ* 4.5.7Hz). 3.82- 

(1H.dd,J = 1.4.5Hz). 4.22(1H,m). 4.41 (1 H.dJ = 12Hz). 4.55(1 H.dJ = 12Hz), 4.57<1H.dJ= 12Hz). 4.68- 

(1 H.dJ -12Hz), 4.87(1 H,s) 

Rf: 0.60 (n-hexane/ethyl acetate = 3/1) 

IR 

rem" : 3040. 2930, 2850. 1500. 1460 



(5) (2S.3R.4Rh2.3-dibenzyloxy-5-cyclohexyl-l -morpholinopentan-4-ol 

30.8 g of the mixture of methyl 2.3-di-0-benzyl-5-cyciohexyl-5-deoxy-o-D-ribofuranoside and its t?- 
anomer obtained step (4), was dissolved in 600 ml of acetic acid/hydrochloric acid/water (9/12). and reacted 
at 20" C for 10 hours and then at 6* C for 14 hours. The reaction solution was diluted with i liter of toluene 
and washed sequentially with water (400 ml x 2 times), with a 4% sodium hydrogencarbonate aqueous 
solution (500 ml) and with saturated sodium chloride aqueous solution (500 ml). The organic layer was dried 
over anhydrous magnesium sulfate and then concentrated under reduced pressure to obtain 2.3-di-O- 
benzyl-5-cyciohexyl-5-deoxy-0-ribofuranose as yellow syrup. (Rf: 0.38. silica gel plate, solvent: hexane/ethyl 
acetate ■ 3/1) 

Then, the product was dissolved in 500 ml of methanol. 41.7 g of morpholine hydrochloride was added 
thereto and dissolved. A methanol solution of sodium cyanoborohydride (8.49 g/100 ml) was added thereto, 
and then the mixture was stirred. The mixture was stirred at room temperature for 39 hours, and then the 
reaction solution was concentrated under reduced pressure. The product was dissolved in i liter of 
benzene/ethyl acetate (4/6), and the mixture was washed with water (300 ml x 2 times) with a saturated 
sodium chloride aqueous solution (300 ml). The organic layer was dried over anhydrous magnesium sulfate, 
and then concentrated under reduced pressure. The purification by silica gel column chromatography 
(chloroform/ethyl acetate ■ 4/1) and the drying under reduced pressure were conducted to obtain 31.7 g of 
the above identified compound as white solid (yield: 90%). 
NMR (300 MHz. 55* C. CDCb) 

5ppm: 0.85(2H.m), 1.1-1 .3<5H,m), 1.44<1H,m), 1 .55-1 .8(5H,m), 2.39(1 H.dd J -2.5. 13.1 Hz). 2.51(4H.m). 3.02- 
OH.ddJ* 8.9.1 3.1 Hz). 3.59(1 H.dd J a 1 .4.5.3Hz). 3.66(4H.m). 3.77(2H,m). 4.56(1 H.dJ s 1 2.2Hz), 4.59- 
(lH,dJ = 12.2Hz). 4.63(1 H.d J = 11.7Hz). 4.76(1 H.dJ = 1 1 7Hz). 7.2-7.4(1 OH. m) 
IR 

rem" 1 : 3220(br). 2930. 2850. 1460, 1120, 1070, 1030 
Melting point: 54-56* C 
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Angle of rotation: [a]g° * * 31.0* (C = 1.09. CHCIj) 
Elemental analysts: 

Calculated value C: 74.48. H: 8.84. N: 3.00 
Measured value C: 74.52, H: 8.87, N: 2.92 



(6) ( 2S,3R,4S)^a2ide*2.3^iben2yloxy-5H:yclohexyl»l^orpholinopentane 

27.7 g of (2S.3R.4R)-2.3-dibenzyloxy.5<yclohexyM-mo^ was dissolved in 200 ml of 

dry THF, and 24.9 g of triphenylphosphine was added thereto and dissolved. Then, the reaction solution 
was stirred at -20* C under cooling. To the reaction solution, 14.9 mg of diethyl azodicarboxylate and 20.5 
ml of DPPA were dropwise added thereto, respectively. A few minutes later, the reaction solution was 
stirred at 20* C. 24 hours later, the reaction solution was concentrated under reduced pressure, the syrup 
thereby obtained was purified by silica gel column chromatography (n-hexane/ethyl acetate « 5/1) to obtain 
12.7 g (yield: 43%) of desired colorless transparent syrup. 
NMR (300 MHz, CDCb) 

5ppm: 0.89(2H.m), 1.1-1.5(5H,m). 1.7(6H.m). 2.37(2H,ddd. J » 4.6.4.7, 11.3Hz), 2.59(2H,m). 2.65{2H.m). 3.56- 
(1H,doUJ = 3.4.4.0,1 0.1 Hz). 3.64(1 H,dd.j = 3.1 ,6.6Hz). 3.67(4H,m). 3.74<1H,m). 4.58(1 H.d.J * 11. 1Hz), 4.69- 
(1H,d,J* 11.1Hz), 4.73(1 H.d,J» 11.5Hz), 4.78(1 H.d,J = 11. 5Hz). 7.28-7.38(1 OH.m) 
IR 

.cm" 1 : 2930, 2850. 2110, 1750, 1740, 1500. 1460 
Mass spectrum (FAB) m/z 493(M* + 1) 



(7) (2S ,3R.4SH-amino-5<yclohexyl-l-morphoiino-2,3-pentanediol dihydrochloride 

80 mg of (2S.3R,4S)-4-aade-2,3-dibenzyioxy-^ was dissolved in 2 ml 

of ethanol. and 0.2 ml of 2N hydrochloric acid was added for acidification. Hydrogen gas was continuously 
blown thereinto in the presence of a palladium black catalyst Two hours later, the catalyst was separated 
on celite by filtration, and the filtrate was concentrated under reduced pressure. The residue was 
concentrated under reduced pressure in the form of a mixed solution of ethanol/benzene and azeotropically 
dried. The dried solid was recrystallized from dichloromethane/diethyl ether to obtain 52 mg (yield: 90%) of 
white crystals. 

1 H-NMR (300 MHz, CDCb. free salt) 

3ppm: 0.95(2H.m). 1.23(3H.m). 1.43(2H.m), 1.57(1H.m). 1.72(5H.m). 2.55(2H.m). 3.40(1 H.m), 3.50(1 H.br 
dd,J = 1.5.7.0Hz), 3.70(4H.m). 3.88(1 H,m). 4.26(4H,br) 
l3 ONMR (75 Hz, CDCI3-D2O, hydrochloride) 

fippm: 25.8(2C). 26.2. 32.6. 33.1, 33.2, 37.2. 48.9, 52.4. 53.5. 60.8. 63.5, 63.6, 65.1. 69.9 



EXAMPLE 55 



(2S,3R,4R)-2,3-dibenzyloxy-5-cyclohexyi-i»morpholinopentan-4-ol 



(1) 1 ,4-pentadien-3-ol 

To 400 ml of a THF solution of 0.98M vinyl magnesium bromide, 11.O ml of methyl formate was 
dropwise added over a period of 1 hour at a temperature of from 0 to 5* C. After completion of the dropwise 
addition, 100 ml of a saturated ammonium chloride aqueous solution was immediately added thereto, and 
the mixture was extracted with THF. The THF layer was dried over anhydrous magnesium sulfate, and then 
the solvent was distilled off under reduced pressure (100 mmHg). The residue was subjected to distillation 
under reduced pressure to obtain 9.6 g of the above identified compound as colorless liquid. 
Rf: 0.52 (n-hexane/ethyl acetate = 2/1) 
Boiling point 55-57* C/78 mmHg) 
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(2) (2R.3SH ,2-epoxypent-4-ene-3-ol 

7 g of molecular sieves (3A, powder) were suspended in 500 ml of dichloromethane. and 10.2 g of 
tetraisopropyl orthotitanate and 8.8 g of diethyl L-{ + Hartarate were added thereto under an argon 

5 atmosphere at -30* C. Then, 40.5 ml of tert-butylhydroperoxide (5M dichloromethane solution, treated with 
molecular sieves 4A for 30 minutes before the dropwise addition) was dropwise added over a period of 10 
minutes at the same temperature. The mixture was stirred at the same temperature for 10 minutes. A 
^dichloromethane solution of 10 g of 1 ,4-pentadien-3-ol was dropwise added thereto over a period of 20 
minutes. The mixture was left to stand at -20* C for ten days, and then f 500 ml of acetone containing 10.5 

70 ml of water was added to the reaction solution at -20* C. The mixture was stirred at room temperature for 
three hours. Then, the insoluble substances were removed by filtration, and the filtrate was concentrated 
under reduced pressure. The residual solution was subjected to distillation under reduced pressure, and the 
eluted fractions of a boiling point of 30-60* C/1 8 mrrHg (first fraction) and a boiling point of 60-73* G'1 8 
mmHg (second fraction) were collected. Each fraction was purified by silica gel column chromatography (n- 

75 pentane/diethyl ether = 1/1) to obtain 2.3 g and 5.4 g of the above identified compound as colorless liquid, 
respectively. 

Rf: 0.27 (n-hexane/ethyl acetate = 2/1) 

Angle of rotation: [a]§° * +57.3* (C» 0.964, CHCb) 

20 

(3) (2R,3S)-3-benzyloxy-2-tert-buty ldimethylsilyloxy-1 -cyclohexyl-4-pentene 

(a) 428 mg of sodium hydride (60% in oil) was suspended in 8 ml of THF t and a THF solution (5 ml) of 
970 mg of (2R.3S)-l2-epoxypent-4-ene-3-ol was dropwise added thereto under an argon atmosphere at 

25 -10* C. The mixture was stirred at room temperature for 20 minutes. Then, 360 mg of tetra-n-butylam- 
monium iodide and 1.27 ml of benzyl bromide were added thereto at -10* C. The mixture was stirred at 
room temperature for two hours, and then poured into a saturated ammonium chloride aqueous solution and 
extracted with ethyl acetate. The ethyl acetate layer was dried over anhydrous magnesium sulfate, and the 
solvent was distilled off. The residue was purified by silica gel column chromatography (n-hexane/ethyl 

30 acetate » 10/1) to obtain 1.7 g of (2R,3S)-3-benzyloxy-l.2-epoxy-4-pentene as colorless oily substance. 
Rf: 0.49 (n-hexane,. ethyl acetate * 4/1) 

(b) 146 mg of copper (I) iodide was suspended in THF. and 3.85 ml of cyclohexyl magnesium chloride 
f2M diethyl ether solution) was added thereto under an argon atmosphere at -78* C. The mixture was stirred 
at the same temperature for ten minutes. Then, a THF solution (5 ml) of 969 mg of (2R.3S)-3-benzyloxy-l,2- 

35 epoxy-4-pentene was dropwise added thereto over a period of 10 minutes at -78* C. The mixture was 
stirred at -10* C for two hours, and then poured into a saturated ammonium chloride aqueous solution and 
extracted with ethyl acetate. The extract layer was washed with a saturated sodium chloride aqueous 
solution and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure 
to obtain 1.2 g of (2R.3S)-3-benzyloxy-i-cyclohexyM-penten-2-ol as slightly brown oily substance. This 

40 alcohol was dissolved in DMF, and 923 mg of tert-butyldimethylsilyl chloride. 312 mg of 4- 
dimethylaminopyndine and 923 ul of triethylamine were added thereto at 0*C. The mixture was stirred at 
room temperature overnight Then, water and ethyl acetate were added to the reaction solution, and the 
organic layer was separated. The organic layer was washed sequentially with IN hydrochloric acid, with 4% 
sodium hydrogencarbonate, with water and with a saturated sodium chloride aqueous solution and dried 

45 over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and the residue . 
was purified by silica gel column chromatography (n-hexane/benzene = 10/1) to obtain 1.3 g of the above 
identified compound as colorless oily substance. 
Rf: 0.53 (n-hexane/benzene = 5'1) 
Angle of rotation: [ag 9 * +28.9* (0*0.944. CHCb) 

50 

(4) f2S.3R.4R)-3-benzyloxy-4-tert-butyldimethylsilyloxy-5-cyclohexyl-l.2-epoxypentane 

(a) 1.27 g of 4-penten-2,3-diol having a protected hydroxy I group obtained in step (3), was dissolved in 
55 a solvent mixture of acetone (12 mlVwater (1.2 ml), and 42 mg of osmium tetraoxide and 790 mg of N- 
methyimorphoiine N-oxide were added thereto. The mixture was stirred at room temperature overnight. 
Then, 35 ml of a saturated sodium hydrogen sulfate aqueous solution was added thereto and the mixture 
was extracted with ethyl acetate. The organic layer was washed with a saturated sodium chloride aqueous 
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solution and the solvent was distilled off under reduced pressure. The residue was purified by silica gel 
column chromatography <n-hexane/ethyl acetate * 2/1) to obtain 1.12 g of (2S,3R.4R)-3-benzyloxy-4-tert- 
butyldimethylsilyloxy-5-cyclohexylpentarH ,2-diol as colorless oily substance. 
Rf: 0.43 (n-hexane/ethyl acetate = 2/1) 

s (b) The dioi obtained in step (a) was dissolved in 3 ml of dichioromethane. and 46 ill of methanesul- 
phonyl chloride and 94 ul of triethylamine were dropwise added thereto at 0*C. The mixture was stirred at 
room temperature for 20 minutes. Then, ethyl acetate was added thereto. The mixture was washed 
sequentially with water, with 1N hydrochloric acid, with a 4% sodium hydrogencarbonate aqueous solution, 
with water and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium 

to sulfate. Then, the solvent was distilled off under reduced pressure. The residue was dissolved in 4 ml of 
methanol, and 124 mg of potassium carbonate was added thereto at 0* C. The mixture was stirred at room 
temperature overnight Then, 78 ul of acetic acid, water and ethyl acetate were added to the reaction 
solution. The organic layer was separated, washed with a saturated sodium chloride aqueous solution and 
then dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and 

is the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate = 4/1) to obtain 125 
mg of the above identified compound as colorless oily substance. 
Rf: 0.76 (n-hexane/ethyl acetate ■ 4/1) 
NMR (300 MHz, COCI3) 

fippm: 0.06<3H.s), 0.08(3H,s), 0.90(9H,s), 0.75-1.05(1 H.m). 1.10-1. 70(1 2H.m). 2.69(1 H.dd ,J = 2.7,5.4Hz), 2.75- 
20 (1 H,dd,J * 3.9.5.4Hz). 3.1 2(1 H.ddd J * 2.7,3.9,5.1 Hz). 323(1 H.ddJ » 2.4,5.1 Hz). 3.98- 

(1H,ddd,J = 2.4.4.5.8.3Hz), 4.60(2H,s), 7.23-7.38(5H,m) 



(5) (2S,3R,4R)-2,3-dibenzy loxy-5-cyclohexyH -morpholinopentan-4-ol 

25 " - 

(a) 122 mg of the epoxy compound obtained in step (4) was dissolved in 1.5 ml of methanol, and 32 ul 
of morpholine was added thereto. The mixture was heated at a temperature of from 75 to 80* C for two 
hours and further at 60 *C overnight. The reaction solution was concentrated under reduced pressure to 
dryness, and the residue was purified by silica gel column chromatography (n-hexane/ethyl acetate • 4/1) 

30 to obtain 139 mg of (2S,3R,4R)-3-benzyloxy-4-tert-butyldime% 
ol as colorless oily substance. 
Rf: 0.11 (n-hexane/ethyl acetate = 4/1) 
NMR (300 MHz. COCb) 

fippm: 0.10(3H.S). 0.12<3H,S). 0.75-1.05(2H,m), 0.91(9H.s). 1 .07-1 .85(1 1 H,m), 2.30-2.47(3H.m). 2.55-2.72- 
35 (3H,m), 3.41 (1H,dd.J = 1.8,7.1Hz), 3.62-3.75(5H,m). 4.16(1 H.ddd.J* 1.8,3.3,8.7Hz). 4.55(1 H.d.J = 11. 7Hz), 
4.87(1 H,d,J » 1 1 .7Hz). 7.25-7.40(5H,m) 

(b) 12 mg of sodium hydride {60% in oil) was suspended in 0.5 ml of THF, and a THF solution (0.5 ml) 
of 135 mg of the amino alcohol obtained in step (a) was dropwise added thereto under an argon 
atmosphere at -20* C. The mixture was stirred at room temperature for one hour. Then, 11 mg of tetra-n- 

40 butylammonium iodide and 36 ul of benzyl bromide were added thereto. The mixture was stirred at room 
temperature overnight. Then, the reaction solution was poured into a saturated ammonium chloride aqueous 
solution and the mixture was extracted with ethyl acetate. The extract was dried over anhydrous magnesium 
sulfate. Then, the solvent was distilled off under reduced pressure, and the residue was purified by silica 
gel column chromatography (n-hexane/ethyl acetate = 8/1) to obtain 30 mg of (2S,3R,4R)-2,3-dibenzyloxy- 

4$ 4-tert-butyldimethylsilyioxy-5-cyciohexyl-l-morpholinopentane as colorless oily substance. Further, 103 mg 
of the starting material was recovered. 
Rf: 0.70 (n-hexane/ethyl acetate = 2/1) 
NMR (300 MHz. CDCI3) 

fippm: 0.07(3H,s), 0.10(3H.S). 0.70-1. 00{2H,m), 0.92(9H,s). 1 .10-1 .78(1 1 H.m), 2.34-2.44(2H.m). 2.50-2.76- 
50 <4H.m). 3.59(1 H.dt.J = 2.4,6.5Hz), 3.64-3.76(5H,m). 4.1 4(1 H.m), 4.52(1 H.d.J * 11 .4Hz). 4.61(1H.d.J = 11.4Hz). 
4.70(1 H.dJ « 1 1 .4Hz), 4.87(1 H,d,J = 1 1 .4Hz). 7.20-7.40(1 OH.m) 

(c) The protected triol obtained in step (b) was dissolved in 0.2 ml of THF, and 80 ul of a THF solution 
of 1M tetra-n-butylammonium chloride was added thereto. The mixture was stirred at room temperature. 
Further, two hours later, 160 ul of a THF solution of 1M tetra-n-butylammonium chloride was added thereto 

55 and four hours later, 200 ul of the THF solution was added thereto. The mixture was stirred at room 
temperature overnight. Diethyl ether was added to the reaction solution. The mixture was washed with water 
and with a saturated sodium chloride aqueous solution and dried over anhydrous magnesium sulfate. Then, 
the solvent was distilled off under reduced pressure, and the residue was purified by silica gel column 
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chromatography (n-hexan*ethyl acetate « M) to obtain 15.5 mg of the above identified compound a: 
colorless solid. 

Rf: 0.64 (n-hexane/ethyl acetate = 2'1) 

This compound completely agreed with a product derived from t ,2:5.6-diisopropylidene-2-D-al' 
lofuranose in a 300 MHz NMR analysis. 



EXAMPLE 56 

(2S.3R,4SH-{L-N-{(2S)-2-benzyl-3-furfu^ 
pentanediol 

(a) 1.2 g of (2S.3S)-4-benzyloxy-2 t 3-epoxy-l-butanal tert-butyldimethylsilyl ether obtained in Example 
53 was subjected to Grignard reaction by using benzyl magnesium bromide (0.8M diethyl ether solution) in 
the same manner as in Example 53 to obtain 975 mg of (2R.3Rh3-benzyM-benzyloxy-i-tert- 
butyldimethylsiryloxy-2-butanaI as colorless oily substance. 

Then, the removal of the silyl group by 5 ml of tetra-n-butylammonium fluoride <1M THF solution) was 
conducted in the same manner as in Example 53. Then the product was converted to an aldehyde by using 
625 mg of sodium metaperiodate and subjected to chromic acid oxidation (Jones' reagent) to obtain 427 
mg of (2R)-2-benzyl-3-benzyloxypropionic acid. 
Rf: 0.57 (n-hexane/ethyl acetate/acetic acid = 6/6/0.2) 
Angle of rotation: [o]g 6 = - 4.8* (C= 0.765. CHCb) 
Mass spectrum (FAB) m/z 293(M * + Na), 271(M* + 1) 

(b) 420 mg of (2R)-2-benzyJ-3-benzyloxypropionic acid was dissolved in 5.5 ml of e'thanol. and 
hydrogenated at an ordinary temperature under an atmospheric pressure for two hours in the presence of 
palladium black. The insoiubles were removed by filtration, and then the solvent was distilled off under 
reduced pressure to obtain 290 mg of (2R)-2-benzyl-3-hydroxypropionic acid as colorless oily substance. 
Rf: 0.24 (n-hexane/ethyl acetate/acetic acid = 6/6/0.2) 

Angle of rotation: [a]* 6 = +4.9* (C = 0.853, CHCI3) 
Mass spectrum (FAB) m/z 203fM* + Na), 181(M* + 1) 

(c) 274 mg of (2R)-2-benzyl-3-hydroxypropionic acid was dissolved in 2 ml of dry DMF, and subjected 
to coupling raction with 322 mg of L-norleucine tert-butyl ester by a DCC-HOBT method in the same 
manner as in Example 47 to obtain 306 mg of L-N-{(2S)-2-benzyl-3-hydroxypropionyl]norleucine tert-butyl 
ester as white solid. 

Rf: 0.25 (n-hexane/ethyl acetate = 2/1) 

(d) 68 mg of L-N-[(2S)-2-benzyl-3-hydroxypropionyl]norleucine tert-butyl ester was subjected to tosyla- 
tion (p-toluenesulfonyl chloride). Then, the product was substituted with furfurylmercaptan to convert to the 
furfurylthio ether. Then, the furfurylthio ether was oxidized by hydrogen peroxide/sodium tungstate to the 
sutfone compound, and the sulfone compound was treated with TFA to obtain 60 mg of L-N-[(2S)-2-benzyl- 
3-furfuryisulfonylpropionyl]norleucine as colorless oily substance. 

Rf: 022 (n-hexane/ethyl acetate/acetic acid = 6/6.0.2) 

(e) 60 mg of L-N-{(2S)-2-benzyl-3-furfurylsulfonyipropionyl]norleucme was dissolved in 0.4 ml of dry 
DMF, and subjected to coupling reaction conducted in the same manner as in Example 47 with 62 mg of 
(2S.3R.4SM-amino-5-cyclohexyl-i-morpholino-2.3*pentanediol dihydrochloride by a DPPA method to obtain 
72 mg of the above identified compound as white powder. 

Rf: 0.40 (chloroform/methanol * 20/1 ) 
Mass spectrum (FAB) m z 690(M* ♦ 1) 
NMR (300 MHz. CDCb) 

5ppm: 0.79-1 .06(3H,m). 1.06-1 .94(1 9H,m). 2.40-3.1 5(1 OH.m). 3.39-3.85(7H.m). 4.1 7-4.31 (4H,m). 5.90- 
(1H.d.J» 7.9Hz), 5.98(1 KdJ= 8.7Hz), 6.41(1H.d.J = 0.8H2), 6.46(1 H.d J s 0.8Hz), 7.l8-7.52(5H,m) 



EXAMPLE 57 



(2S,3R.4S)-4-{L-N-{(2S>3-emylsulfony^ 
5-cyc1ohexyH-morpholino-2.3-pentanediot 
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(a) 107 mg of L-rH(2R)-3-benzyloxy^i^aphthylmethyl)propiony!lnort0ucine tert-butyl ester was dis- 
solved in 2 ml of ethanoi and hydrogenated at a ordinaily temperature under an atmospheric pressure by an 
addition of palladium black. The catalyst was removed by filtration, and then the solvent was distilled off to 
obtain 89 mg of i.^<2R>-3-hydroxy-2-(<5 t 67>te^ tert-butyl 
ester as colorless oily substance. 

Rf: 0.33 (n-hexane/ethyl acetate = 2/1) 

(b) 87 mg of L-N-{(2R)-34iydroxy-2H(5,6J.8-t»trahydro-lHiaph* tert- 
butyl ester was subjected to tosylation in the same manner as in Example 1. and then converted to the thio 
compound by using ethylmercaptan. Then, the thio compound was oxidized to the sulfone compound and 
treated with TFA to obtain 61 mg of L-r^{(2Sh3-ethylsulfonyl-2-[(5,67.8-tetrahydro-l-naphthyl)methyl> 
oropionyl>norleucine as colorless oily substance. This compound was subjected to coupling reaction in the 
same manner as in Example 3 with 39 mg of (2Sm4SM^m>*<ydo^ 

dihydrochloride by a DPPA method to obtain 27 mg of the above identified compound as white powder. 
Rf: 0.42 (chlorofomVmethanol = 20/1) 
Mass spectrum m/z 692(M* + 1) 



EXAMPLE 58 

N-[(2S,3R,4S)^[L-N-[(2S)-3^thylsulfonyl-2^^ 
dihydroxypentyl]piperidine N-oxide 

10.6 mg of (2S.3R.4S)-4-{L-N-[(2Sh3-ethyisufo^^ 
cyclohexyl-1-piperidino-2.3^entanediol obtained in Example 17, was dissolved in 0.5 ml of methanol. 50 ul 
of a 30% hydrogen peroxide aqueous solution and 2 mg of sodium tungstate dihydrate were added thereto 
for oxidation in the same manner as in Example 50 to obtain 11.4 mg of the above identified compound as 
white solid. 

Rf: 0.39 (chloroform/methanol - 10/1) 
Mass spectrum m/z 702(M* + 1) 



EXAMPLE 59 



N-[(2S,3R,4SH-[L-N-[(2SV3-ethylsu^ 
dihydroxypentyll-N-methyl morpholinonium iodide 

8.8 mg of (2S,3R,4S)-4-{L-N-((2Sh3-emy!sulfony^ 
cyclohexyl-1-morpholino-2,3-pentanediol was dissolved in 0.3 ml of dry methanol, and 0.3 ml of methyl 
iodide was added thereto. The mixture was refluxed under heating at 50* C for three hours. The solvent was 
distilled off under reduced pressure, and the residue was treated with acetone/n-hexane to obtain 8.4 mg of 
the above identified compound as slightly yellow solid. 
Rf: 0.10 (chloroform/methanol = 20/1) 
Mass spectrum (FAB) m/z 702(M*-I) 



EXAMPLE 60 



(2S,3R.4$HKL-N-[(2S)-3-ethylsulfony 
morpholino-2,3-pentanediol 



(1) (2R)-3-hydroxy-2-(3-tolylmethyl)propionic acid 

(a) 325 mg of (2S,3SH-benzyloxy-2.3-epoxy-l-butanol tert-butyldimethylsilyl ether obtained in Example 
53, was subjected to Grignard reaction in the same manner as in Example 53 by using 3-tolylmethyl 
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magnesium bromide (0.8M diethyl ether solution). The product w« purificated by silica gel column 
chromatography to obtain 210 mg of (2R.3RH.benryloxy1-tert^utyldimethyl silytoxy-3K3-tolylmethyl>-2- 
butanoi as colorless oily substance. 

(b) Then 328 mg of <2R.3R)-4-benzyloxy-1-tert-bu1yldimem^^ w « 
subjected to removal of the silyl group with 1.4 ml of tetra-n-butylammonium fluoride <1M THF solution). 
The product was converted to the aldehyde by using 168 mg of sodium metapenodate. and the aldehyde 
was subjected to chromic acid oxidation (Jones* reagent) to obtain 177 mg of (2R)-3-benzyloxy-2-<3- 
trimethyDpropionic acid as colorless oily substance. 

<c) 157 mg of the compound obtained in step (b) was dissolved in ethanol. and hydrogenated at a 
ordinary temperature under an atmospheric pressure in the presence of palladium balck to obtain 108 mg of 
the above identified compound as colorless oily substance. 



(2) L-N*[(2S)>3^thylsulfonyl-2-(3-tolylmethyl)propionyl1norleucine 

(a) 89 mg of the compound obtained in step (1) was dissolved in dry DMF. and subjected to coupling 
reaction with 102 mg of L-norieucine tert-butyl ester by a OCC-HOBT method to obtain 144 mg of L-N+ 
(2R)-3-hydroxy-2-(3-tolylmethyl)propionyllnorleucine tert-butyl ester as colorless oily substance. 

(b) 71 mg of the compound obtained in step (a) was subjected to tosyiation in pyridine by using p- 
toluenesuifonyi chloride. Then, the product was subjected to substitution reaction w.th 
ethylmercaptan/sodium hydride to obtain 46 mg of L-rH(2S)-3^thylthio.2-(3-tolylmethyl)propionyl]- 
norleucine tert-butyl ester as colorless oily substance. 

(c) The compound obtained in step (b) was sulfonated in methanol with aqueous hydrogen 
peroxide/sodium tungstate to convert from the sulfide to the sulfone. and the sulfone compound was treated 
with TFA in dichloromethane to obtain 38 mg of the above identified compound as colorless oily substance. 



O) (2S.3R4SH-{L-N^2Sh3-ethylsulfon^ 
morpholino-2.3-pentanediol 

38 mg of the compound of step (2) was dissolved in 0.3 ml of dry DMF and subjected to coupling 
reaction with 48 mg of (2S,3R,4SH-amino-5-cyclohexyl-1-morpholino-2.3-pentanediol dihydrochloride by a 
DPPA method. The product was purified by silica gel column chromatography (chloroform/methanol = 
100/1) to obtain 32 mg of the above identified compound as colorless solid. 
Rf: 0.50 (chloroform/methanol « 10/1) 
Mass spectrum rtvz 652{M* + 1 ) 
NMR (300 MHz, CDCI3) 

5ppm: 0.79-1 .35(5H.m) ( 1.4O-1.86(20H,m). 2.33<3H,s). 2.42-3.28(1 2Km>. 3.37-3.53<3H.m). 3.58-3.75(4H.m). 
4.1 9-4.31 <2H,m) f 4.58(1H.br s). 6.03(1 H,d.J 3 9Hz), 6.14(1 H.d.J 3 6Hz), 6.97-7.1 0<3H.m), 7.1 7-7.23(1 H,m) 



EXAMPLE 61 



(2S,3R.4SH-(l-N-[(2S)-3-ethylsutfony^ 
mcrpholino-2,3-pentanediol 



(1 ) (2R)-3-hydroxy-2-(2-tolylmethyl)propionic acid 

(a) 351 mg of (2S.3S)-4-benzyloxy-2 f 3-epoxy-i-butanoi tert-butyldimethylsilyi ether obtained in Example 
53. was subjected to Grignard reaction in the same manner as in Example 53 by using 2-tolylmethyi 
magnesium bromide (0.8M diethyl ether solution). The product was purificated by silica gel column 
chromatography to obtain 210 mg of (2R,3RH-benzyloxy-i-tert-butyldimethylsilyloxy-3-(2-tolylmethyl)-2- 

butanol as colorless oily substance. 

(b) Then. 266 mg of (2R.3RH-benzyloxy-l-tert-butyldimethyisilyloxy-3-(2-tolylmethyi)-2-butanol was 
subjected to removal of the silyl group in the same manner as in "Example 60 with tetra-n-butylammonium 
fluoride (1N THF solution). The product was converted to the aldehyde by using sodium methaperiodate. 
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and the aldehyde was subjected to chromic acid oxidation by Jones' reagent Then, the carboxylic acid 
thereby obtained was hydrogenated by palladium balck catalyst at a ordinaily temperature under an 
atmospheric pressure to obtain 88 mg of the above identified compound as colorless oily substance. 



(2) (2S.3R,4S)-4-{L-N-[(2S)-3-ethytsulfonyl-2-(2^ 
morpholino-2,3-pentanediol 

(a) The compound of step (1) was subjected to coupling reaction in the same manner as in Example 60 
with L-norleucine tert-butyl ester by a DCC-HOBT method. The product was subjected to tosylation with p- 
toluenesulfonyl chloride to obtain the tosyl compound. The tosyl compound was converted to the ethylsul- 
fide by ethylmercaptan/sodium hydride. The ethylsuifide was oxidized to the sulfone compound by using 
aqueous hydrogen peroxide/sodium tungstate. The sulfone compound was treated with THF in dich- 
loromethane to convert to L-N-[(2S)-3-ethylsulfonyl-2-(2-toiylmethyl)propionyl]norleucine. 

(b) 14.1 mg of the carboxylic acid obtained in step (a) was subjected to coupling reaction with 19.3 mg 
of (2S.3R,4SH-amino-5-cyclohexyh1-morpholino-2,3-pentanediol dihydrochloride by a OPPA method to 
obtain 6.8 mg of the above identified compound as colorless solid. 

NMR (300 MHz. CDCI 3 ) 

*ppm: 0.75-1 ,00(6H.m) 1.07-1. 95(1 9H,m), 2.32(3H.s) 2.38-3.1 2(11 H,m), 3.32-3.72(8H.m), 4.16-4.27<2H.m). 
5.96(1 H.d,J = 9Hz), 6.08-6.15(1 H.m), 7.05-7.1 8(4H,m) 

The compounds of the present invention have strong renin-inhibiting activities against a renin-angioten- 
sin hypertensive system and thus expected to be useful as curing agents of hypertention due to the 
progress of the renin-angiotensin system. 



Claims 



1. An N-acylamino acid derivative of the formula: 

R 2 R 3 R 6 • 

1 III 
R ~S (O) HCH-d- CH-CO-N-CH-CO-N-CH-CH-A ( I ) 

I 4 1 5 I 
R R OH 



wherein each of R\ R 2 . R* and R 6 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower alkyl group, a substituted or unsubstituted cycioalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
aralkyl group or a substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 
to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and oxygen atoms; 
each of R 3 and R 5 which may be the same or different is a hydrogen atom or a lower alkyl group; 
A is a -CH(OH)-(CH2 9— — R 7 wherein R 7 is a hydrogen atom, a substituted or unsubstituted lower alkyl 
group, a substituted or unsubstituted cycioalkyl group, a substituted or unsubstituted cyloaikylalkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted araikyl group, a substituted or 
unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms selected from 
the group consisting of nitrogen, sulfur and oxygen atoms or a -E-R 10 group wherein E is a -S(0)r group 
wherein i is 0, 1 or 2, an oxygen atom, a -NR 11 - group wherein R 11 is a hydrogen atom, a substituted or 
unsubstituted lower alkyl group, a substituted or unsubstituted cycioalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyl group, or a 

>- 
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group wherein each of FT 2 and R 13 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower aikyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyi group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyl group, and R 10 is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a substituted or 

5 unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyi group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted araikyl group or a monocyclic or bicyclic 
heterocyclic group containing from i to 4 hetero atoms selected from the group consisting of nitrogen, 
sulfur and oxygen atoms, provided that when R 10 is a hydrogen atom, i is 0. and q is an integer of from 0 to 
5; or a -CH 2 -CHR 8 -CO-R 9 group wherein R' is a hydrogen atom, a substituted or unsubstituted lower aikyl 

io group, a substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyi group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted araikyl group or a substituted or 
unsubstituted monocyclic or bicyclic heterocyclic group containig from 1 to 4 hetero atoms selected from 
the group consisting of nitrogen, surfur and oxygen atoms, and R 3 is a hydroxyl group, a -OX group 
wherein X is a substituted or unsubstituted aikyl group, a substituted or unsubstituted aryl group, a lower 

75 alkoxycarbonyloxyalkyl group or a 1-phthalidyi group, or a -NfY'XY 3 ) group wherein each of Y 1 and Y* which 
may be the same or different is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a substituted or 
unsubstituted cycloalkyl group, or Y and Y 2 form together with the adjacent nitrogen atom a 5- or 6- 
membered heterocyclic group which may contain a further hetero atom selected from the group consisting 

20 of nitrogen, oxygen and sulfur atoms; 
m is 0. 1 or 2; and 
n is an integer of from 1 to 5. 

provided that when R- is a hydrogen atom, m is 0: or a salt thereof. 

2. The N-acylamino acid derivative or its salt according to Claim 1, wherein A is a -CH(OH)- 

25 (CH 2 -}-qR 7 group wherein R r is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a 
substituted or unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyi group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted araikyl group, a substituted or 
unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms selected from 
the group consisting of nitrogen, sulfur and oxygen atoms or a -E-R 10 group wherein E is a -S(0)i-group 

30 wherein i is 0. 1 or 2. an oxygen atom, a -NR M -group wherein R 11 is a hydrogen atom, a substituted or 
unsubstituted lower aikyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyi group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyl group, or a 

R 12 
>- 



group wherein each of R' 2 and R 13 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower aikyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyi group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 

J5 araikyl group, and R° is a hydrogen atom, a substituted or unsubstituted lower alkyi group, a suostituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyi group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a monocyclic or bicyclic 
heterocyclic group containing from 1 to 4 hetero atoms selected from the group consisting of nitrogen, 
sulfur and oxygen atoms, provided that when R*° is a hydrogen atom, i is 0. and g is an integer of from 0 to 

so 5; m is 0. 1 or 2: and n is an integer of from 1 to 5; provided when R 1 is a hydrogen atom, mis 0. 

3. The N-acylamino acid derivative or its salt according to Claim 1. wherein A is a -CHr-CHR^CO-R 5 
group wherein R 8 is a hydrogen atom, a substituted or unsubstituted lower aikyl group, a substituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyi group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a substituted or unsubstituted 

55 monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms selected from the group 
consisting of nitrogen, sulfur and oxygen atoms, and R s is a hydroxyl group, a -OX group wherein X is a 
substituted or unsubstituted aikyl group, a substituted or unsubstituted aryl group, a lower alkoxycar- 
bonyloxyalkyl group or a 1-phthalidyl group, or a -NfY'HY 2 ) group wherein each of Y' and Y 2 which may be 
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the same or different is a hydrogen atom, a substituted or unsubstituted lower alkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyi group or a substituted or unsubstituted 
cycioaikyl group, or Y 1 and Y 2 form together with the adjacent nitrogen atom a 5- or 6-membered 
heterocyclic group which may contain a further hetero atom selected from the group consisting of nitrogen, 
oxygen and sulfur atoms; m is 0. 1 or 2; and n is an integer of from 1 to 5; provided when R' is a hydrogen 
atom, m is 0. 

4. The N-acylamino acid derivative or its salt according to Claim 1. wherein A is a group of the formula: 

-CH(QH)-CH~-N O 
(0) 3 



wherein j is 0 or 1. 

5. The N-acyiamino acid derivative or its salt according to Claim 4, wherein each of R\ R 2 . R 4 and R 6 
which may be the same or different is a substituted or unsubstituted lower alkyl group, a substituted or 
unsubstituted cycioaikyl group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyi group or a substituted or unsubstituted 
monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms selected from the group 
consisting of nitrogen, oxygen and sulfur atoms; each of R 3 and R 5 is a hydrogen atom; m is 0. 1 or 2; and 
n is 1. 

6. The N-acylamino acid derivative or its salt according to Claim 1, wherein R 2 is a 

" CH 2$f^ 9roup; 



A is a -CH 2 -CHR 8 -CO-R 9 group wherein R 8 is a hydrogen atom, a substituted or unsubstituted lower alkyl 
group, a substituted or unsubstituted cycioaikyl group, a substituted or unsubstituted cycloalkylalkyl group, 
a substituted or unsubstituted aryl group, a substituted or unsubstituted aralkyi group or a substituted or 
unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 to 4 hetero atoms selected from 
the group consisting of nitrogen, sulfur and oxygen atoms, and R 9 is a hydroxyl group, a -OX group wherein 
X is a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryt group, a lower 
aikoxycarfaonyloxyaikyl group or a 1-phthalidyl group, or a -NOOfY 2 ) group wherein each of Y 1 and Y 2 which 
may be the same or different is a hydrogen atom, a substituted or unsubstituted lower alkyl group, a 
substituted or unsubstituted aryl group, a substituted or unsubstituted araikyl group or a substituted or 
unsubstituted cycioaikyl group, or Y 1 and Y 2 form together with the adjacent nitrogen atom a 5- or 6- 
membered heterocyclic group which may contain a further hetero atom selected from the group consisting 
of nitrogen, oxygen and sulfur atoms; m is 0. 1 or 2; and n is an integer of from 1 to 5; provided when R 1 is 
a hydrogen atom, m is 0. 

7. The N-acylamino acid derivative or its salt according to Claim 1 , which is 
(2S,3R.4S)-4-{L-N-[(2S)-3*thylsulfonyl-2^^ 
morpholino-2.3-pentanediol, 

(2S,3R,4SH-{L-N-[(2S)-3-ethylsulfonyl-2-(l- naphthylmethyl)propionyl]methionyl}amino-5-cyclohexyl-l- 

morpholino-2.3-pentanediol, 

(2S.3R,4S)-4-{L-N-{(2S)-3-isopropylsulto^ 

morpholino-2.3-pentanediol. 

(2S.3R.4S)-4-{L-N a -t(2S)-3-isopropylsulfinyl-2-(1-naphthylmethyl)propionyl]histidyl}amino 
morpholino-2,3*pentanediol. 

(2S.3R.4SH-{L«N-{(2S or R)-3-(2-hydroxyethyl)sulfonyl-2-(l-naphthylmethyl)propionyl]norleucyl}amino-5- 

cyclohexyM-morpholino-2,3-pentanediol, 

(2S,3R,4S)^{L-N-[(2S)-2*benzyl-3^thylsufo^ 

pentanediol, 

(2S.3R.4S)^{L-N-[(2Sh3-tert^utylsulfonyl-2^^ 
morpholino-2.3-pentanediol. 
{2S.3R.4S)^tL-N-(2S)-3^(2S)-N-benzytO)cycarbony^ 
propionyl]norleucyl]amino-5-cyciohexyl-l-morpholino-2.3-pentanediol. 
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(2S.3R.4SH-{L-N-[(2S or R)-3-(2-hydraxye%l)suKonyl-2^ 
cyclohexyM -morphoiinc-2.3-pentanediol, 
(2S.3R.4S)^L-N-[(2Sh3^thyl$ulfinyl-2-1-naphthylrra^ 
morpholino-2,3-pentanediol, 
NH(2S,3R,4S>-4-{L-N-t{2R)-3-ethylsulfQnyl^^^ 
dihydroxypentyljmorpholine N-oxide, 

(2S.3R,4S)-4-{L-N-{(2S or R)-3<yclopentanesulfonyl-2-ben2ylpropionyl]nof1eucyl}amino-5-^clohexyl-l- 

morpholino-2,3-pentanediol, 

N-{(2S,3R.4S)-4-{L-N-[{2Rh3-<^clopentanesulfo^^ 

dihydroxypentyl]morphoIine N-oxide, 

(2RS,4S.5Sh5-{L-N-[(2S)-3-ethylsulfonyl-2-<^ 

methyloctanoic acid isobutytamide, 

(2RS,4S.5S)-5-{L-N-[(2S)-3-ethylsulfonyl-2-<^ 

methyloctanoic acid isobutylamide, 

(2S.3R,4SH^{L-N-[(2S)-2-benzyi-3-furfui7isulfonyipropionyl]norleucyl}amino-5< 
pentanediol. 

(2s.3R.4S)-HL-i^(2sw-(iwiaphthyim 

morphoIino-2,3-pentanedioi, 

(2S.3R,4SH-{L-N-{(2S)-2-(1-naphthylm^ 

cyclohexyM -morpholino-2,3-pentanediol, 

(2S.3R,4S)-4-{L-N-[(2S)-2-(1-naphthylmethylh3-^ 

cyclohexyM -morpholino-2.3 pentanediol. 

(2S.3R,4S)-4-{L-N-[(2Sh2-{1-naphthylm^ 

5-cyclohexyM-morpholino-2,3-pentanediol dihydrochlorrde, 

(2S,3R f 4S)-4-{L-N-[(2S)-2-benzyl-3-(pyrimidin-2-yl) sulfonylpropionyi]norleucyl}amino-5-cyctohexyM- 
morpholtno-2,3-pentanediol, 

(2S.3R.4S)-4-{L-O-acetyl-N-[{2S)-3-ethylsulfonyl-2-(1-naphthyimethy0propionyl]hom 
cyciohexyl-1 -morpholino-2.3-pentanediol. 
(2S.3R,4S)-4-{L-N-{(2S}-3-ethyisuifonyl-2-<1-naphthylm^^ 
pentanediol, 

(2S.3R.4S)-4-{L^(2S)-3-furfurylsulfonyl-2-^ 
morpholino-2,3-pentanediol, 

(2RS,4S.5S)-5-{L-N-[(2R or S)-3-ethylsulfonyl-2-(1-naphthyimethyl)propionylJnorleucyl}amino-2^thyl-4- 
hydroxy-7-methyloctanoic acid isobutylamide, 

(2RS,4S.5S)-5-{L-N-[(2R or S)-3-(pyrimidin-2-yl)sulfonyl-2-(l-naphthylmethyl)propionyl]norleucyl}amino-2- 
ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide, 

(2RS,4S.5S)-5-{L-N-[(2R or S)-3-ethylsulfonyl-2*(2.3-ethylenedioxybenzyl)propionyl]-^ 

hydroxynorvalyl}amino-2-ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide, 

(2S.4S.5S)-5-{L-N-[(2R or S)-3-(l -methyltetrazol-5-yl)sulfonyl-2-<1 -naphthylmethyl)propionyl]- 

norleucyl}amino-2- ethyl-4-hydroxy-7-methyloctanoic acid isobutylamide. 

f 2RS.4S.5S)-5-{L-N-[(2S)-3-<l ,3.4-thiadiazol-2-yl)thio-2-( 1 -naphthy lmethyl)propionyl]norleucyl}amino-2-ethyl- 

4-hydroxy-7-methyloctanoic acid isobutylamide. 

(2RS.4S,5S)-5-{L-N-{(2S)-3-<pyrimidin-2-yl)mio-2-(1-n^^ 

hydroxy-7-methyloctanoic acid isobutylamide, 

(2RS,4S.5S)-5-{L-N-{(2S)-3-<pyrimidin-2-yl)sulf^ 

hydroxy 7-methyloctanoic acid isobutylamide. 

<2R or S.4S,5S)-5«{L-N-t<2R or S)-3-ethylsulfonyl-2-(1-naphthylmethyl)propionyl]norleucyl}amino-2-ethyi-4- 
hydroxy-7-methyloctanoic acid 2-morphoiinoethylamide, 

(2RS.3RS,4S)-4-{L-N-{3-ethylsulfonyl-2^l-naphthyimethyl)propionyl]norleucyl}amino-5-cyclonexyl-i* 
morpholino-2.3-pentanediol, 

(2S.3R.4SH-{L-^(2S)-3-ethylsulfonyl-2-(l-naphthylmethyl)propionyl]norleuc 

piperidino*2.3*pentanediol. 

(2S,3R,4S)-4-{L-N-{(2Sh3^thyl$ulfonyl-2-0-naph^ 

methylpiperidino)-2,3-pentanediol, 

(2S.3R.4S)-4-{L-N-{(2S)-3rethylsuifonyl-2-(1^^ 

morpholino-2,3-heptanediol, 

{2S.3R,4S)-4-{L-N-[(2S}-3-ethylsulfonyl-2-0^^ H2- 
methoxyethylarnino)-2.3-pentanedidl, 
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(2RS.3R or S,4S)^{L-N-[(2S)-3-ethylsulfonyl-2-<1 -naphthyimothyl)propionyl]norleucyl}amino-5<yclohexyl- 

1 -methylthic-2,3-pentanedioi. 

(2S.3R,4S)^{L-N-{(2S>-3^thylsulfony^ 

hydroxyethylamino)-2.3-pentanediol. 

(2S.3R.4S)^{L-N-[(2S)-3*thyl3utfony^ 

diethylaminc-2.3-pentanediol. 

(2RS,3RS,4$)^{L-N^(2S>-3^ylsulfonyl-2^1-riaph^ 

[ethyl(2-hydroxyethyl)aminoh2,3-pentanediol, 

(2RS,3RS,4S)^{L-^[(2S)-3^thylsu»fonyl-2^1-naphthylmethyi)propion 

methyl-2,3-heptanediol, 

(2RS.3RS.4S>^{L-NK{2S)-3^thylsurfonyl-2^lHi^ 
thiomorphoHno-2.3-heptanediol, 

(2S.3R.4SH-[L-N-((2R or Sh2^thyl3ulfonylmethyW^emylpentanoyl)norl^ 
morpholino-2 f 3-pentanediol, 

<2S,3R,4S)-4-{L-N-[(2R or S)-5-ethylthio-2-(1-naphthylmethyl) pentanoyl}norleucyl}amino-5-cyclohexyi-i- 
morpholino-2.3-pentanediol, 

(2S.3R.4S)-4-{L-N-{(2R or S)-5-ethylsutfonyl-2-<1 Hiaprmiylmethyl)pentanoyl]norieucyl}amino-5-cyc!ohexyl- 1 - 

morpholino-2,3-pentanediol, 

(2S,3R.4S)^{L-N-[<2S)-3*thytsulfonyl-2K^ 

morpholino-2.3-pentanediol. 

(2S.3R ( 4S)^{L-N a -[(2Sh3^thylsulfonyl-2^1-naphthylmethyl)prop^ 
morpholino-2.3-pentanediol, 

(2RS.4S.5S)-5-{L-N-t(2R or S>-5-ethyrthic-2-(1 -naphthylmethyl)pentanoyl]norleucyi}amino-2-ethyl-4-hydroxy- 
7-methyloctanoic acid isobutylamide, 

(2RS t 4S,5S)-5-{L-N-[(2R or S)-5^thylsulfonyl-2-(1-naphthylmethyl)pentanoyl]norteiJCyl}arnino-2 ethyl-4- 
hydroxy-7-methyloctanoic acid isobutylamide. 

(2RS ( 4S t 5S)-5-{L-N a -[(2RSh3^mylsulfonyl-2-(1-naphthylmethyl)propionylhN im - 

triphenylmethyihistidyl}amino-2^thyl-4-hydroxy-7*methyl^ acid isobutylamide, (2RS.4S.5S)-5-{L-N Qt - 
[(2S)-3^thylsuifonyi-2-(1-naphthylme^ acid 
isobutylamide, 

(2RS.4S,5S)-5-{l-N a -[2(Sh3^thylsulfonyl-2-(8^^^ 
methyloctanoic acid isobutylamide, 

(2S,3R,4S)-4-{L-N-[(2S)-3*etriyisulfonyl-2-{(5 6.7,8-tetrahydro-1 -naphthy l)methy l]propionyl]norleucy l}amino- 
5-cyc!ohexyM -morpholino-2,3-pentanediol, 

N-{(2S,3R,4S)^L-N-[(2Sh3^thylsufo^ 2 - 3 " 
dihydroxypentyljpiperidine N-oxide. N-[(2S,3R.4S)^L-N-[(2Sh3^mylsulfonyl-2-(Vnaphthyim 
propionyl]norleucyl]amino-5<yclohexyl-2.3<lihydroxypentylhN-methyl morpholinonium iodide, 
(2S,3R,4S)^{L-N-{(2S>-3^thylsulfonyi-2-<3-td^ 

morpholino-2,3-pentanediol or (2S,3R,4S)-4-{L-NK(2S>-3-ethylsulfonyl-2-(2-tolylmethyl)propionyl]- 
norleucyl}amino-5-cyclohexyl-l-morphoiino-2.3-pentanediol. 

8. A compound of the formula: 

R 2 

R L -S ( 0 )— f CH vh-CH-R 14 ( A ) 

wherein each of R 1 and R 2 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted lower aikyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylaikyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
aralkyl group or a substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from 1 
to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and oxygen atoms; R 14 is a 
carboxyl group, a reactive derivative of a carboxyl group or a protected carboxyi group; m is 0. 1 or 2; and 
n is an integer of from 1 to 5; provided that when R 1 is a hydrogen atom, m is 0. 

9. A compound of the formula: 
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R 6 OR 16 OR 17 

15 1 1 1 7 
R -N-CH--CH— CHHCH-4-R (B) 

'5 
R 

wherein R 5 is a hydrogen atom or a lower alkyl group: R* is a hydrogen atom, a substituted or 
unsubstituted lower alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
aralkyl group or a substituted or unsubstituted monocyclic or bicyclic heterocyclic group containing from i 
to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and oxygen atoms; R 7 is a 
hydrogen atom, a substituted or unsubstituted lower alkyl group, a substituted or unsubstituted cycloalkyl 
group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or unsubstituted aryl group, a 
substituted or unsubstituted aralkyl group, a substituted or unsubstituted monocyclic or bicyclic heterocyclic 
group containing from 1 to 4 hetero atoms selected from the group consisting of nitrogen, sulfur and 
oxygen atoms or a -E-R 10 group, wherein E is a -S(0)pgroup wherein i is 0. 1 or 2. an oxygen atom, a 
-NR" -group wherein R" is a hydrogen atom, a substituted or unsubstituted lower alkyl group, a substituted 
or unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or 
unsubstituted aryl group or a substituted or unsubstituted aralkyl group, or 

>- 

1" 



wherein each of R 12 and R' 3 which may be the same or different is a hydrogen atom, a substituted or 
unsubstituted tower alkyl group, a substituted or unsubstituted cycloalkyl group, a substituted or unsub- 
stituted cycloalkylalkyl group, a substituted or unsubstituted aryl group or a substituted or unsubstituted 
aralkyl group, and R 10 is a hydrogen atom, a substituted or unsubstituted lower alkyl group, a substituted or 
unsubstituted cycloalkyl group, a substituted or unsubstituted cycloalkylalkyl group, a substituted or 
unsubstituted aryl group, a substituted or unsubstituted aralkyl group or a monocyclic or bicyclic 
heterocyclic group containing from 1 to 4 hetero atoms selected from the group consisting of nitrogen, 
sulfur and oxygen atoms, provided that when R 10 is a hydrogen atom, i is 0; R ts is a hydrogen atom or a 
protecting group for an amino group, each of R 1 ' and R 17 which may be the same or different is a 
hydrogen atom or a protecting group for a hydroxyl group; and q is an integer of from 0 to 5. 

10. A process for producing an M-acylamino acid derivative of the formula I as defined in Claim 1 or its 
salt, which comprises condensing an N-acylamino acid of the formula: 

R 2 R 3 

1 t I - 

R -S (0) -(CH--UCH-CO-N-CH-COCH (II) 
in 2 n I 

R 4 



wherein R\ R 2 , R 3 , R*. m and n are as defined in Claim l. or a reactive derivative at the carboxyi group 
thereof with an amine of the formula: 

R 6 
I 

HN-CH-CH-A (III) 

<5 > 
R OH 
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wherein R s , R 6 and A are as defined in Claim 1, or condensing a carboxylic acid of the formula: 

5 R -S (OJ^CH^CH-COOH ( IV) 

wherein R\ R 2 , m and n are as defined in Claim 1. or a reactive derivative at the carboxyl group thereof 
with an amino acid amide of the formula: 

R R 

I I 

HN-CH-CO-N-CH-CH-A ( V ) 

is R* R OH 



wherein R 3 , R 4 ,R 5 , R 6 and A are as defined in Claim 1. 

11. A hypotensive drug comprising an effective amount of an N-acylamino acid derivative of the formula 
I as defined in Claim 1 or its pharmaceutical^ acceptable salt and a pharmaceuticaliy acceptable carrier. 
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